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BACKGROUND

The purpose of this study was to define acceptable candidate sounds for use as imminent
crash avoidance warnings in vehicles. The study addressed the important attributes of such
warnings, then measured those attributes among a collection of possible alternatives. As in-
vehicle warning systems become more commonplace. it will become important to standardize
the warning sounds employed Furthermore, the Preliminary Human Factors Guidelines for
Crash Avoidance Warning Devices (COMSIS, 1993) strongly argued for the adoption of a
single unique warning sound that would be used for all imminent crash warning situations.
Since there is virtually an infinite number of potential stimuli, the approach of this study was
to apply the evaluation criteria to a varied set of reasonable warning sound alternatives, in
order to derive most-promising candidates. Because both acoustic (non-verbal) and spoken
voice warnings might be implemented in vehicles the study evaluated candidate stimuli of
both SOltS.

Due to the number of potenbal crash avoidance warning devices, the possible combinations
of such devices in a vehicle, and the range of other potential in-vehicle warnings and
concurrent communications, if is not feasible to specify unique auditory warning signals for
each device that are both meaningful and immediate y discriminable from one another,
particularly for untrained users. In addition, drivers may rarely encounter some types of
warnings, or particular warmng devices may- not be in all vehicles, so that coding a warning
for each device will add to confusion and delayed responding. In fact, human factors
guidelines recommend severe] y restricting the number of coded warning displays, particularly
acoustic, to a maximum of perhaps four. This is true even in cockpit or control room
applications, where operators are much more high 1y [rained than drivers; and, even for these
applications, there has been ,i tendency to forget the meaning of signals over time.

The approach to these concerns in the aviation environment has been to use an attention or
master alerting signal supplemented by secondary displays, the latter indicating the exact
nature of the alarm. Since the number of warning displays on a flightdeck is high, these
displays are often grouped based on the system being monitord. The master alerting signal
draws attention to these grouped displays and further information may be conveyed by visual
means. An example of such an arrangement would be an engine fire alerting system on the
flightdeck. For such a system a unique alarm for “engine fire” is sounded and visual
indicators, located together or-ia panel, indicate where the engine fire has been detected, To
Improve the speed of determ Ining the location of the fire, the indicator lights may also he
located within an outline of ;I plan view of the air;ril t

The Preliminary Human Factors Guidelines for (‘rash Avoidance Warning Devices suggests
a similar approach for presenting auditory warnings in vehicles. As such, a single alerting
alarm should be used to draw attention to the potential hazard(s) detected by the crash
avoidance warning system. Specificallyy, it is recoin mended that a conspicuous and unique
warning signal be created th:it will provide the dn ver with information that an imminent
crash situation exists and tha’ an immediate ~:orreit 1VI’action must be made. This unique

l-l



signal will be used as the master alerting sound for afl crash avoidance warning devices
installed in a particular vehicle.

Since the recommendation that a single unique warning be selected for all crash avoidance
warning device actuations, the need to distinguish device activation and provide direction or
type of hazard simultaneously must be accomplished through visual displays, haptic displays
or by manipulating the perceptual location or source direction of the warning. The latter
form of directional information portrayal will be discussed and investigated in a second
experiment. As a result, basic features of the auditory warning will always be present that
will be uniquely reserved for ]mminent crash avoidance warnings; however, localization cues
within the “imminent” crash avoidance warning might be used to indicate the nature or
location of the hazard. It is anticipated that this additional component will help to reduce the
time requiral to respond effective y to the crash hazard
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METHODOLOGY

The study described in this document was a three part investigation that evaluated twenty six
different warning sounds as potential candidates for an in-vehicle collision avoidance
warning. The three parts of the investigation were a> follows:

1) Questionnaire mailmg to rate attributes of auditory warnings
2) Selection and development of candidate wammgs
3) Multiple Attribute Evaluation (MAE) of candidate warnings.

The third part of the investigation, the MAE, provided the framework for evaluating the
candidate warnings using expert opinions (questionnaire results) and end-user acceptability
(i.e., through a laboratory experiment). These portions of the investigation provided the
expert opinions and the candidate warnings, respecti~ e]y, that were used in the MAE (these
will be discussed in the MAE section to follow), Each of these three parts are fully detailed
in order; however, the MAE procedure will be introduced first, to provide the motivation
and framework for the questionnaire and candidate waming creation discussions. A detailed
description of the MAE experiment will then be Presented
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INTRODUCTION TO THE MAE TECHNIQUE

The research plan recognized that auditory warnings must be evaluated on a number of
different dimensions, and that an important factor in Identifying an optimal warning sound
for crash avoidance warning devices is to realize that sounds have multiple attributes. In
some cases these attributes may even be counter productive (i.e., attention gathering vs.
startling). Consequent y, this study utilized a Multi-Attribute Evaluation (MAE) technique to
assess each candidate warning

The MAE procedure provides a method for screening a large set of candidate signals,
eliminating those that appear least likely to perform well, and pointing out those that are
most likely to perform well. The method does not actually measure the perceptual and
behavioral responses of drivers to an unexpected signal, Such behavioral evaluations, which
are much more time consuming and costly, should be done at a later stage with a reduced set
of most-likely candidates. The success of the method depends upon the assumption that
research participants are able to provide reasonable subjective judgments of each attribute.
While this is a reasonable assumption, the judgments and weighings should be viewed as
approximations. The technique thus provides an efficient and reasonable method that permits
a general screening or ordering of alternative stir-nUI1 It should not be viewed as a precise
estimate of actual performance,

This methodology requires two key components. Tht: first is defining and weighting the key
attributes of the auditory warnings to be evaluated ‘“l-hiscan be done in a number of ways.
In this study, a questionnaire of expert judgemenl was used to define and provide weights for
the attributes. This questionnaire was sent cmt t( ke) Individuals within the human factors
and Intelligent Transportation Systems (ITS) com murlities to assess the importance of various
attributes on the effectiveness of auditory crash avoidance warnings. The second component
is to score the alternative warning signals on these attributes. [n the present study, this was
accomplished through a set of psychometric responses by participants drawn from the general
population. This latter component was achieved through execution of the MAE evaluation in
a laboratory setting.

In summary, the MAE accomplishes its two key objectives by defining the criteria on which
the auditory warnings are to be evaluated, assigning weights to those criteria, developing a
candidate list of auditory warnings, scaling and evaluating those warnings on the criteria, and
combining the resultant numbers into a total score Auditory warnings can then be compared
and selected based on the own-all total score, The process requires the five primary steps
shown below:

(1) Define evaluation attributes
(2) Weight evaluation attribute ~~
(3) Define alternative stimu]l
(4) Scale and score altemat]ves on attributes
(5) Caltwlate a utility scor( for each alternative.
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These five steps were used to evaluate the warning signals in this study. Each of these
are detailed in the following sections.

Definition and weighting of evaluation attributes
During the earlier tasks of this project, involving literature review and the development

steps

of

draft human factors guidelines, several key features of good warning systems were identified.
This list of attributes was used as a starting point for generating the set of attributes used to
evaluate the warnings. The completed list of attributes and associated definitions were then
presented to human factors experts in NHTSA, NHTSA contractors working in crash
avoidance, and other human factors experts in the ITS community, to be evaluated and
ranked according to importance. The participants in the questionnaire weighting were asked
to rate each of the attributes on a scale of 1 to 10 on its importance as an attribute of crash
avoidance warning signals. An average rating was then calculated based on the participants
responses. These ratings were then used as the expert weighting for the attributes in the
MAE laboratory experiment A further discussion of the attributes selected can be found irl
the Questionnaire Mailing section of this document

Define alternative warning signals
This step determined an initial set of twenty-six warning sounds that met broad guidelines for
acceptability bawl on research and standards. The 1ist was developed by sampling existing
warning indicators, and selecting several others based on the physical characteristics of
preferred warning indicators. A detailed discussion of the selection process and
characteristics of the final stimuli is provided. ‘The Iist of twenty-six alternatives was then
evaluated using the MAE technique to select three lop voice warnings and three top acoustic
warnings.

Scale and score warning sounds on attributes
The scaling of sounds was accomplished through a laboratory experiment where participants
were asked to rate each alternative warning sound on each attribute. The method is detailed
in the MAE section, and constitutes the primary daw collection procedure of the study. The
data collected in this experiment were then used to calculate a utility
each alternative.

Calculate a utility score for each warning sound
The purpose of the prior four steps was to determine six alternatives
candidates for use as an immment collision avoidance warning. The

score (total score) for

that are possible
mai or calculation

involved the matrix shown in Figure 1. In this figure, each ~f the twen~y-six warning sounds
(rows) received a rating based on each of the ten attributes (columns) in the experiment. The
average rating for each attribute across participants was then input into the matrix. ‘The
utility score, or combined weighted average score, for each warning sound was calculated by
multiplying each attribute rating for that warning by the respective expert weighting (shown
in the second row of the matrix) and then adding the weighted averages across attributes.
The outcome of these calculations yielded the utility score or combined weighted score for
each warning sound that can be found in the far rig h[ CO1umn. Additional statistical anal yses
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were also performed to investigate differences in ratings due to sound, age, and background
noise effects. The experimental design and complete analysis of the MAE are discussed later
in this document.
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QUESTIONNAIRE MAILING

A questionnaire was constructed to determine which attributes are important in conveying the
proper meaning of an “imminent” crash warning, The purpose of the questionnaire was to
rate the importance of these known attributes (e.g., discriminability, noticeability, etc. ) for
an in-vehicle collision avoidance warning application The attributes that were included in
the questionnaire encompass several prominent facets of a how a warning sound may be
interpreted. The goal for selecting each attribute was to have a set that encompassed as
many of the perceptual aspects of the sound as possible, without having too much overlap
among attributes. Therefore, the set of attributes were carefully defined to clarify boundaries
and to minimize overlap. Table 1 provides a summary description of the initial ten attributes
selected for evaluation.

A recruiting form was developed and prospective. candidates in the human factors and safety
community were contacted by telephone from industry, government, consulting and
academia. These candidates were active in human factors, auditory displays, or
transportation. The questionnaire was then mailed to the individuals who agreed to complete
the questionnaire, as well as to several individuals who could not be contacted by phone. In
addition, several individuals received multiple copies m order to circulate the questionnaire to
appropriate colleagues. A total of fifty-eight questionnaires were mailed, Thirty-six
questionnaires were returned

The questionnaire consisted of rating and ranking the ten attributes relative to each other (a
sample of the questionnaire and accompanying cover letter can also be found in Appendix
A). The attribute definitions included in the questionnaire are provided in Table 2 (Note:
these definitions are simply edited versions of the definitions appearing in Table 1).
Suggestions for additional attributes not included in the questionnaire were also collected, as
well as comments. However only changes to the attribute names and definitions were made
based on these comments. New suggested attributes were not added. The revised appear in
column three of Table
not mutually exclusive
questionnaire analysis,
names and definitions.
the MAE experiment

2. [n general, comments reflected that several of the attributes were
or were ambiguous and, therefore, were difficult to rate or rank. The
however, was based on the data returned using the original attribute
The reworded definitions .vcrt ilsed in the laboratory study portion of

Two additional attributes were included on the questmmaire based on their presumed minor
significance as warning attributes, to encourage full utilization of the 10 point scale. These
two attributes were Musicality and Naturalness--both were ratd and ranked in the
questionnaire as least important. Five different attribute orderings for the questionnaire were
developed to account for ordering effects.
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TABLE 1 Summary of auditory warning attributes

Am16ul-Q ~
Conspicuity

Discriminability

Meaning

Urgency

Annoyance

Startle

Response

Compatibility

Experience

Compatibility

Appropriateness

Localization and

Orienting

DEFINITION
This attribute measures the extent to which the warning signal stands out from other noises and

sounds within the vehicle-a good signal must be heard in aff the noise environments in which it

wilf be used. Warningsounds can be made w be conspicuous by several methods including

volume, pitch, and sound envelop.

This attribute measures the extent to which the warning signal is uniquely ident~lablc from other

sounds within the driving environment. The opposite of this attribute is ita confusability with

other sounds within the driving environment. Thcae include both in-vehicle sounds such as other

warnings, radio and passcmger conversation, other vehicle (Navigation aids) and non-vehicle

(eledrwnic games) sounds and exterior noises.

This attribute measures the abitity of the wamsng to carry the meaning of “imminent crash”. That

N, does the signal itself contribute to the driw r‘s abifity to dcterrmne that it is a crash avoidance

warning.

This attribute measures the ability of the wammg to convey the proper sense of urgency, and

motivate the driver to respond immediately

This attribute measures the degree to which a warning sound, which by nature must capture the

driver’s attention, is annoying to the driver The key issue here is the extent to which the drivers

wilf accept and continue to use a device that utifixes the sound

This attribute measures the degree to which the warning sound wifi startle the driver. While startle

itself may not be a problem, the extent to which the driver behaves in an unpredictable manner

when startled, {jr the extent to which the tdnver delays the response as a result of startle may resul

m degrading [}f the warning effectivencw

This attribute measures the abifity of the wammg to instigate a proper response to the warning

This attribute measuresthe existence of relations user’s have with the warning to other sounds

they might have experienced. For example, a siren or words such as “DANGER” and

“CAUTION” may be associated with an emergency warning.

This attribute measures the compatibility of a warning sound with the vehicle environment. For

example, wou Id users clearly object to having their vehicle present. a certain typc of warning

sound.

This attribute measures the degree to which the warning sound can be localized in 3-D sound

space, and cause the driver to look in the direction of the sound. This is considered important to

this application since a single distinct warning sound is being recommended for all imminent crash

wamirws.

Questionnaire Tasks
Participants were asked to rule each attribute on a scale from 1 to 10 on how important they
felt the attribute was in the design of an “imminent” crash warning for an in-vehicle crash
avoidance warning system, A “1“ signified that the attribute was TRIVIAL while a “10”
signified that the attribute was VERY CRITICAL. For the ranking portion of the
questionnaire, the MOST CRITICAL attribute of an auditory warning was assigned a rank of
“ 1“, the second a “2”, and so forth (ranking ties were not allowed). Suggestions for
additional attributes were also ranked together with the twelve existing attributes, but were
removed from the rankings ~or data analysis C{msequently, the rankings ranged from I to
~’?

4-?



TABLE 2: Questionnaire and MAE attribute names and definitions

ATTRIBUTE QUESTIONNAIRE ~ REVISED MAE NAME AND/OR
DEFINITION I DEFINITION

Conspicuit y The auditory warning ia noticeable I NEW NAME: NOTICEABILITY

within other rrmses and sounds in the Th{ sound ia readify noticeable among other sounds

vehick arm noises in a vehicle (i.e. , you can casify hear this

sound within the vehicle noise).

Discriminability The auditory warning is uniquely The sound is uniquely identifiable and distinct from

identifiable arsd distinct from other other sounds in the driving environment (i.e., sounds

sounds in the driving environment \ such as CB, radio, vehicle instrumentation,

j conversation, etc.).

Meaning The auditory wamirtg unambiguously ~ l%,. sound would be a good selection to clearly

conveys or suggests the meaning of c4mvey or suggesl an immediate crash situation (i. c,,

“immusent crssh” I.IUSw{)uid be a good sound to use for the types of

.-
Urgency The auditory warning conveys the

-+=’c= ‘ou ‘aw h *e ‘idm)”
Tht sound conveys a sense of importance motivating

proper sense ~,1 importance motivalmg \ ,( to make an immcd iatc response.

an immediate response.

Response The auditory warning causes the driver
_+--

NEW NAME: NATURAL RESPONSE

Compatibility to anticipate and prepare for an Th, sound naturally causes the driver to anticipate and

emergent ] re,ponse prepare for an emergency (I.e., without Urior

learning, this sound implies an impending emergency

-+

situation).

Experience The auditory ;aming foUows natural or : NEW NAME: EMERGENCY RELATIONSHIP ‘“

Compatibility learned rclab(,nships of users, such as ‘Fht sound follows relationships users have learned to
1.sirens associated with emergent y, )r : associate with an emergency (i.e. the sounds or words

words such as ‘DANGER” and used arc usually associated with an emergency

“CAUTION’ associated with wammgs ~ s,luatifm)

Startle Effats The auditory warning DOES NOT
————

WI( s{!und produces startle,

startle or surprrse the driver causing a

delayed reaction.

Orienting Response The auditory warning can be casil~
—t–”- NOT TESTED IN MAE

localized in 7 [1 sound space, and

causes the driver to look in the

dircetion of the hazard. I

Appropriateness The auditory warning is compatible —1 Tht. sound is compatible with the vehicle environment

with the veh]< k environment. ~ (e x cars, trucks, etc.), i.e., the sound would not

app=r outOf place if used as a warning in a car or

t

tru~k.
—. —

Annoyance The auditory warning IS NOT annoying WV s,,und is anrsoving

or irritating II the driver (assuminF

minimal false alarm rates).
1

Musicality
—.

The auditory warning is melodious \ Th.. sound is melodious and/or harmonious (i ,e., the

] sound has musical qualities).

Naturafncss The auditory ;aming DOES NOT
.—

! Nc)T TESTED IN MAE

appear artificial or computer generated.

Loudness NOT ON Q( JESTIONNAIRE
—-+ ‘--–

——
Th,, sound has high volume and intensity

,— - &=
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Questionnaire Analysis
The overall mean ratings and

TABLE

rankings for the attributes appear in Table 3.

3: Questionnaire ratings and rankings

2.97

3.15

3.50

4,26

5.65

5.66

6.49

6.53

7.81

8.43

10.26

10.74

* [ndicates a negative attribute (see di scussmn below)

Although each attribute was rated and ranked on an absolute scale in terms of importance,
some of these attributes are considered to be negative attributes. These negative attributes
include Startle Effects and Annoyance. In these cases, a higher rating indicates a greater
need to minimize the attribut<

The rw”ng of the attributes was analyzed using a one-way within-subjects ANOVA of a
single factor (attribute) having 12 levels. Thirty-five questionnaires were included in this
anal ysis (one rating questionnaire was completed lncorrectl y). As expected, the main effect
of attribute was significant {p < 0.05}. A critical difference test between pairs of means
was conducted to determine which attributes significant y differed in ratings.

The results of the critical difference test on the overall attribute ratings appears in Figure 2.
In this figure, the top rated attribute earned the highest rating and is positioned at the top of
the chart, followed by attributes in descending order of importance. The critical difference
in mean ratings at a significance level of p <0.05 waj calculated to be 0.82. As a result, the
top five rated attributes do not significantly differ from one another based on this critical
difference, and can be considered as all being equal Ii i rnportant F~ch member of this group
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is Iabelkd with the letter “A’ Consequent.1 y, the letters A-E indicate groups labels, where
attributes with the same letter are not signifieantl v different.

Auditory Warning Attribute Mean Ratings (n= 35)

Consplcultv

Dwcriminabllity

Meaning

Urgency

Isponse Compatibility

enenca Compatibility

Startle Effects”

Orianting Response

Appropriateness

Annovance’

Musicality

Naturalness

—)

red ..................... . ........— -.—.-
0’ 2

~. —
) E, 7 89

—.—

10

Mean Ratmcj (10= most important]
● Indicates a NEGATIVE

attn”bute(See discussion)
Mean ratings with the same etter are not significantly different (P= .05)

Figure 2: Attribute Rating Results

The results of the attribute rankings can be found in Figure 3. In general, attribute orders
based on both ratings and rankings were highly cm-related.
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Auditory Warning Attribute Mean Rankings (n= 33)

Conspicui~

Discriminability

Meaning

Urgency

o Response Compatibility

s
n Startle Effects”
.-

Orienting Responsez

< Experience Compatibility

Appropriateness

Annoyance’

Naturalness

Musicality
-.—. —

( 2 4 6 8 10 12

Mean Ranking (1 = most important)
“ Indicates a NEGATIVE

attribute (See discussion) Figure 3: Attribute Ranking Results

Questionnaire Discussion
The questionnaire data provided information on the relative importance of each attribute in
the development of an auditory warning signal. The top four attributes in both the rating and
ranking tasks were 1) eonspicuity, 2) discnminabilit y, 3) meaning, and 4) urgency. Since,
the ranking task was primari Iy included as a verification of the rating task, the rating data
were used for the MAE evaluation, due to the high correlation in attribute order between
these two tasks. Consequent] y, only the rating data are discussed below,

Five groups of attributes were rated signifiea,ntly different from one another in the rating
task. As shown in Figure 2, the top four attributes indieated above, along with Response
Compatibility, scored equally well on the ratings The top two attributes in the cha.rt--
Conspicuity and Diseriminability--(based on mean rating) indicate that even a well designed
auditory warning is ineffective, unless it is audible (#1 Conspicuity) within a background
noise and unique (#2 Discnminable) from other ambient sounds. The remaining three
attributes in this group are also among the more <nt Ical attributes associated with auditory
warnings. Specifically, once attention is drawn [(~~ unique sound, its meaning (#3 Meaning)
must then be immediate y recognized as being a, warning. The perceived urgency (#4
Urgency) of the sound identltied as a warning m IJSi ‘hen be conveyed in order to motivate a
rapid response (#5 Respons~ Compatibility)
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The next group of attributes that were similarly rated includes Response Compatibility,
Experience Compatibility, and Startle Effects. Although these three attributes were rated
significantly less important than the fist group, they do offer additional insight into a
warning sound’s performanw, In particular, a warning sound’s performance can be
influenced by a person’s past experience with other warning sounds. For instance, a siren is
almost always associated with an emergency situation while a warning that sounds like a fire
alarm bell may be initially interpreted to be a wamin~ of fire, regardless of its intention.

The rating of Startle Effects indicates that a warmng should not cause a person to react in an
inadvertent or delayed manner due to an initial startle response created by a sound. In
particular, the sound should not be too loud or have too short an onset time, which can cause
the sound to be perceived as being presented instantaneously. The last member of this group

refers to the ability of the sound to instigate an orienting response towards its source. This
attribute probably rates low due to its secondary Information purpose.

The final three groups of attributes are relatively un]mportant and possibly redundant in a
warning signal’s design. Spw ficall y, the Appropriateness of a warning sound should be
automatically achieved through attention to the Group A attributes, while Annoyance may
refer not to a sound’s effectiveness as a warning. but rather to the frequency at which a
particular crash avoidance system might signal a false alarm. It is this false alarm frequency
that can make an otherwise effective warning sound annoying. Final] y, as discussed, the
Group E attributes were inclllded to encourage fll1! l.j:it:of the 10 point scale.

Based on the questionnaire rm.dts, the mean ratings ‘m each attribute were used as the
expert weighings in the MA F calculation matrix
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SELECTION AND DEVELOPMENT OF CANDIDATE WARNINGS

The set of 26 warning sounds used in the MAE evaluation was derived from a broad set of
possibilities drawn from four different sources:

1) Existing auditory warnings and pre-recorded sounds
2) Off-the-shelf warning devices
3) New acoustic warnings developed to be compatible with recommendations in the

COMSIS (1993) guidelines
4) Voice warnings developed to be compatible with recommendations in the

COMSIS ( 199’3) guidelines.

SOUND RECORDING AND GENERATION EQUIPMENT

The four categories of warnings were recorded or generated using a Sony DTC-700 Digital
Audio Tape (DAT) deck, a 386DX/40 computer running a SoundBlaster 16 ASP SCSI-2 16-
bit soundboard, a consumer grade microphone, and a CD player. The final recording
medium for the warnings was the hard disk of the 386 computer using pulse-code-modulation
(PCM) coded .wav files. The software used to record and edit the warning sounds was
Turtle Beach Systems’ Wave for Windows V2.04 Signal generation software was provided
by Pioneer Hill Software’s Spectra Plus Professional Version 3.0 software. Sources of
warning sounds outside of the signal generation software included special effect sound
libraries recorded from CD to DAT by recording, studios, off-the-shelf electronic buzzers,
live speakers, as well as voice synthesis function~ pr~wlded by the SoundBlaster 16 ASP text-
to-speech utility software Text Assist.

The range in presentation times for the warnings ww due primarily to the completion of a
particular warning’s characteristic cycle. Warning sounds were not truncated to an equal
length, but instead were presented in complete cycles Short-duration sounds were repeated,
however. For example, a particular acoustic warnm:, repeated once may last 1.7 seconds,
which was considered too short, but repeating th~ warning a third time may result in the
warning being 2.4 seconds long (the desired rangr [or acoustic warning length was chosen to
be between 2 and 2.5 seconds). Voice warning presentation times, on the other hand, were
based on a speech rate of approximately 156 words per minute (wPm) and only one
repetition. As a consequence. voice warnings ranged in length from 1 to 1.4 seconds.
Since, the top three warnings from each group werr 1,0be selected independent of sound
type, the difference in presentation times betwea tht ticoustic and voice types was not a
concern.

One-third octave band analyses and time-history plots are provided in Appendix B for all 26
acoustic and voice warnings. The one-third octave band anal yses show the sound spectrum,
or relative amount of acoustic energy in different treq uency regions for each stimulus. If the
energy is concentrated in the low frequencies (Xl $(M’Hz), the sound will be perceived w
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have alow-pitchorrumbly sound. The two background noises (se&n and truck noise) are
examples of such sound spectra (Figures 6 and 7). If the energy is concentrated in the mid-
frequency region (500-2,000 Hz), the sound will be perceived to have a middle pitch. The
speech stimuli (numbers 14-25) are examples of such sounds. If the energy is concentrated
in the high frequencies (2,000-20,000 Hz), the sound will be perceived to have a high pitch,
whiny or hissy sound. The Radio Shack Buzzer (Stimulus 5) is an example of such a sound.

The time-history or sound envelope plots in the lower panels portray the changes in sound
level (amplitude) with time. If the sound is steady and continuous over the entire duration of
the stimulus, the plot will show a steady band, like for Stimuli 6, 7 and 11-13. If the sound
is intermittent or pulsed, the plot will exhibit bursts, like for Stimuli 3-5 and 8-10. The
speech stimuli (numbers 14-25) have a characteristic rounded pulsed envelope representing
syllables and words. An absolute scale was not attached to the time-history plots due to their
variability in recorded sound level (presentation level was manipulated in real-time) and
presentation length. For interpretation purposes, the y-axis on these plots is relative sound
level (i.e., amplitude) while the x-axis is time. In addition, the time scale used to depict the
waveforms was also relative, allowing the entire waveform of the presented stimulus to be
viewed. In other words, each time-history plot contains the entire waveform for a stimulus
lasting approximately 2-2.5 seconds for acoustic warnings (1.5 seconds for Stimulus 13: car
horn) and 1 to 1.4 seconds for voice warnings (See “Voice warnings developed from
guidelines” section). These plots were generated by the sound analysis software that was
part of the sound generation equipment.

Three of the recoded stimulus waveforms (17, 18 and 20) experienced some clipping during
post processing of the recorded sound. The occurrence is evident where the plotted
amplitude (y-axis) appears flattened (Refer to Appendix B). This clipping was unnoticeable
to the human listener.

WARNING CATEGORIES

Existing auditory warnings
Various manufacturers of crash avoidance systems on the market were contacted to attain
information on the characten sties of the type of alarm used with their system. Although all
of the manufacturers agreed that the type of warning is important, most of the manufacturers
simply used an available alarm from electronic device suppliers. The only information
attained on the characteristics of alarms used was that one alarm had a frequency of
approximate y 3400 Hz. Additionally, some alarms were said to increase in repetition rate
or frequency as the potential hazard became more of a threat. Since these manufacturers did
not conduct research on auditory warning appropnatenessl samples of existing crash
avoidance warning devices were not used for this study. Instead, two existing , highly
critical alarms demanding immediate attention were selected from the flightdeck of an
aircraft.

5-2



1) low-fuel aircraft warning (Stimulus 1)
2) take-off abort warning (Stimulus 2)

In addition to these existing warnings, two continuous complex tones were selected from the
sound effects library. One was characterized a high frequency tone, while the other was
considered a low frequency tone:

3) continuous tone high (Stimulus 6), approximately 5200 Hz
4) continuous tone low (Stimulus 7), approximately 1500-7000 Hz

Although emphasis was placed on evaluating speaally developed sounds for warnings, the
MAE also tested the existenw of warning attributes in various vehicle environment sounds.
These included the sound of a car horn and a recording of a tire skid. Therefore, two
additional existing warning sounds included in the MAE were:

5) car horn (Stimulus I 1)
6) tire skid (Stimulus ?6)

Off-the-shelf warning devices
For practical applications, an off-the-shelf warning device would reduce design and
fabrication costs. Therefore, several warning devices were purchased, and two of these were
selected to be includti in the study. The advantages }f such devices include small size, low
cost, and elimination of complicated and costly sound generation equipment. However, these
devices do not provide voice warning capability. The part numbers of the devices selected
for the study are as follow$ 1me device operated I !w() modes)

1) Radio Shack #273 -[)’75 (Pulse Mode); (Stimuius 3)
2) Radio Shack #273-t 175 (Continuous Mode) (Stimulus 4)
3) Radio Shack #27’1-~)“72(Stimulus 5 ~.

Acoustic warnings developed from guidelines
Generation of acoustic and wuce warnings from scratch followed recommendations provided
in the Preliminary Human Factors Guidelines for ~~rash Avoidance Warning Devices
(COMSIS, 1993). The guidelines included a shor? review of the current research and
guidelines available for the development of auditory warnings. This section has been
reproduced for this document md can be found ill Appendix C. Section 2.4.5 of the
guidelines begins the discussi~.m of acoustic wamlng charactenstics

A total of five acoustic sounm were generated using A combination of signal generator and
software editing tools. Thrtx of the sounds were re~xt]tive acoustic patterns that consisted

primarily of four pulses whit t were presented at .ari ~ms intervals and relative amplitudes:

1) Pattern 1 (Stimulus $)
2) Pattern 2 (Stirnulu~ J)
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3) Pattern 3 (Stimulus 10).

The acoustic patterns were repeated at approximately 110 ms after the end of the pattern
(approximately an 80% duty cycle).

Two sweeping sine tones were also generated for thfi study with the following frequency
sweeps and sweep times:

4) 1500-2000 Hz, 75 ms sweep time (Stimulus 11)
5) 2000-2500 Hz, 75 ms sweep time (Stimul~u 1!2)

Voice warnings developed from guidelines
Section 2.4.6 of the guidelines (Refer to Appendix C) discusses the preferred characteristics
of speech displays, and was the basis for the development of the candidate voice warnings.
In addition to the characteristics specified in this section (].e., 156 wpm, clearly mechanical,
authoritative, etc. ), the words “DANGER”, “WARNING”. and “HAZARD” were included
in the voice warning characten stic combinations, as wel I as male and female digitized and
synthesized voices. The voice warning words were presented at approximately 156 words
per minute (WPM), and were repeated after about 12i rns. This speech rate was found to be
the preferred rate for voice warnings in the literature, while the 125 ms pause between
repetitions was near the minlmurn time required tor a speaker to clearly and accurately repeal.
the word for recording, The difference between acoustic and voice warning lengths was due
to the recommended speech rate and decision to :rtqea t the voice warnings only once. The
remaining twelve stimu Ii wen: the voice warnings as -o]lows:

1) DANGER, male. digitized (Stimulus 14
2) WARNING, male. digitized (Stimulus ~$ !
3) HAZARD, male, dl~itized (Stimulus 1&

4) DANGER, male, synthesized (Stimulus T;
5) WARNING, male, synthesized (Stimulu\ I$)
6) HAZARD, male, synthesized (Stimulus ‘~ t

7) DANGER, female. digitized (Stimulus ~~1I
8) WARNING, femalt. digitized (Stimulus J 1
9) HAZARD, female. digitized (Stimulus 12 i
10) DANGER, female,, synthesized (Stimulus ~!3)
11) WARNING. femaw, synthesized (Stim UILJ!24)

12) HAZARD, female synthesized (Stimulus ‘5 I.

Loudness Attribute and Additional Stimuli
A total of twenty-six unique stimuli were created tor the MAE experiment. In addition to
these stimuli, however, two \.] muli were created I>} nm.nipulating the Sound Pressure Level
(SPL) of Stimulus 5 (Radio S‘1,ick #273-072 ) Thvs( wo stimuli were created by adjusting



the SPL six decibels in both directions. The reason for adding these two stimuli is discussed
in detail in the calibration and analysis sections. Although the stimuli were adjusted to be
presented at the same loudness according to a sound level meter set on the A-weighting
scale, there was a question about whether the perceived loudness of the warnings were
indeed equal. Consequent y, Loudness was added to the list of attributes to be rated, and a
gross change in loudness was tested using a single sound to measure the effect of loudness orI
other attributes. The loudness attribute also served t(} measure perceived loudness equality
relative to equal A-weighted decibel (dB(A)) readings across sounds. As a result, a total of
twenty-eight warning sounds were created for use In ~he MAE experiment.
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MULTIPLE ATTRIBUTE EVALUATION (MAE) EXPERIMENT

OVERVIEW OF DESIGN/PROCEDURE

Male and female participants in two age groups (20-40, and 65+) listened to all 28 warning
stimuli, under two levels of simulated vehicle noise (sedan and truck) and rated each sound
on 11 attributes, yielding a four factor, 2 x 28 x 2 x 11, mixed factorial design. The set of
28 stimuli was presented eleven times under each background condition, for rating on the
basis of one of eleven different warning attributes Each rating was made on a seven-point
scale. The group mean ratings of each attribute comprise the primary data of the
experiment.

PARTICIPANTS

Thirty-two (32) research pwcipants consisting c}t two age groups, 16 subjects 65 years and
over, and 16 subjects 20 to 40 years of age, were recruited for the experiment. Each
participant participated in two sessions and was paid $20 for each session. All participants
had valid drivers licenses. Participants were run in groups of 3-8 people, depending on the
participant turnout and scheduling. There was an equal number of males and females from
each age group.

APPARATUS

A block diagram of the apparatus is shown in Figure 4

The major components of the apparatus included a Polk Monitor 611 satellite/sub-woofer
system, two Infinity SM62 studio monitor speakers, a 386DX/40 IBM compatible computer
controlling a Vetra VIP-412 RS-232 interface, a Radio Shack graphic equalizer, two
Kenwood stereo amplifiers, a Radio Shack stereo mixer, a Panasonic TV monitor and Sony
VCR, a Sony DAT deck, and eight participant response boxes. The 386 computer also
controlled a SoundBlaster 16 ASP SCSI-2 16-bit sound board, The 16-Bit sound board is
capable of recording and playing 16-bit stereo sound files of stimuli sampled at up to 44, 1
kHz. In other words, frequencies up to 22 kHz can be sampled, stored, and played-back by
this sound board.

The output of the sound board supplied signals to the Radio Shack mixer, which combined
the background noise from the DAT with the stimuli signals from the sound board. The
mixed signal was then fed to the Kenwood KA-791 and KRA-5060 amplifiers driving the
Infinity and Polk speaker arrays, respective y. Stimulus sound level was software controlled
and accomplished through ad<ustment of the sound output of the soundboard in 1 dB steps.
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The background noise level was adjusted using the mixer controls, while the levels between
the Infinity and Polk speakers were equalized by adjusting the master volume controls on
both amplifiers. A 386DX/40 personal computer was used to control data collection and
stimulus presentation. A QBASIC program was coded that allowed data to be collect
simultaneously from each of the 8 participant input devices. Each of the eight participant
input boxes was connected to the Vetra VIP-412 RS-232 interface to allow the computer to
register participant responses Data collection was accomplished in real time by the
computer.

A pink noise was used to calibrate the output of the sound card to ensure that all octave
bands were equalized to within ~ 2 dB, with the exception of those centered below 125 Hz
and above 8 kHz. These extreme bands do not comprise the predominant frequencies of the
stimuli. The Radio Shack equalizer was ustxl to equalize the frequency spectrum of each of
the ambient noise speaker systems in each octave band using a pink noise, with the exception
of those centered below 125 Hz and above 8 kH~ Acoustical calibration of the equipment is
discussed in the following seaion

ENVIRONMENT

A layout of the laboratory environment is shown 1n Figure 5.

Participants were seated in two rows of four folding metal chairs each. Depending on the
scheduling and attendance, the number of actual participants tested at one time was between
3 and 8 participants. For test groups less than 8 participants, the participants filled chair
positions in order of seat numbers. The experimenter was seated facing the participant and
controlled the computer, overhead projector, and sound generation equipment. The four
speakers were situated in the comers of the room (virtual comers in two cases) and were
angled toward the center of the room. Each speaker was situated on a speaker stand to be at
ear level of a seated subject The subwoofer for the Polk Monitor 611 system was situated
along the center of the front wall. The TV cart was used only during the instructional phase
of the study.

Background noise characteristics
The two noise environments selected were from a passenger vehicle and a heavy truck cab.
For this study a se&n noise and a truck noise attained from a CD special effects library were
utilized. The background noise of the passenger veh]cle was recorded in a late model
compact vehicle, while interior truck noise was attained inside the cab of a heavy truck. The
recordings were made at highway speeds with the windows-up and radio communications off
The special effects library used was developed by Sound Designs. One-third octave band
analyses of these two sounds are shown in Figures h and 7, These sounds were presented at
72 dB(A) and 78 dB(A) respectively (measural ir the center of the room)
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Acoustical Calibrations
Frequency equalization was conducted using a pink noise source for the four-speaker audio
system. A ~ 3 difference in frequency response at each octave band was achieved across
each of the eight participant positions. The octave bands centered at 31.5 and 16,000 Hz
were ignored from this calibration, since these octave bands were both difficult to equalize
and largely irrelevant to the stimuli and background noise presentation. The equalization
curves achieved at each of the eight seating positions are shown in Table 4. In addition to
this equalization, the output [Jf the sound board was also equalized to achieve similar
performance.

The stimuli were calibrated for presentation (in absence of background noise) at similar A-
weighted sound levels. Due the complex dynamic characteristics of many of the sounds,
they were not easily measured with a sound level meter. Consequently, subjective perceptual
responses (e.g., loudness, intrusiveness) may be imperfectly related to measured values.
Nonetheless, equalizing on the basis of measured sound intensity tends to bring all of the
stimuli to relatively similar perceived intensity levels The calibration was accomplished by
using the sound level meter and adjusting the output level of the sound card for each sound
until the sounds were all at the same A-weighting sound level (i. e., equal dB(A) reading).
Once this level was achieved for each sound, the setting of the soundcard was recorded and
the respective settings were used each time a particular stimulus was presented. This
calibration was performed outside of the background noise in order to eliminate possible
contamination of the measurement by the background noise. By approximating equal
loudness outside of the background noise, the robustness of each stimulus can be assessal
between quiet conditions and near worse case noise masking scenarios. This calibration
procedure is discussed further in the MAE ccmclusii }Jis section
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~ Octave Band ] I Seating Position dB(C) I High-Low dB(C) I

Center of Room dB(C) I 1 2 .3 4 5 6 7 8 in Octave Band

1 .—.

/ 250 I 75 I 73.8 71.8 74,3 75.0 73.1 ‘“””75.6 74.5

500 74 73.5 73.8 74,3 74.3 73.1 74.9 74.0 75.5 2.4
1,000 74 73.5 75,2 76.2 75.3 73.8 76,0 76.0 73.4 2.8
2,000 76 72.8 74.0 74.4 73.1 73.4 73.8 74.7 72.8 1.9
4,000 76 76.3 75.9 76.6 75.7 76.1 75.9 77.2 75.9 1.5

(
8,000 I 74 74.6 73.9 :4,8 73.1 75.2 74.4 74.4 73.9 2,1

,::.;i:H;w-lww&mm:w&Ei$6Yi5'':'''60:9"i:~fi@$fa:w6wiw":""'6T:mB&$%m6&:w:[Y'::''m:ti?*NflY~::fi:`:~
...,,, ..,.,..,,,.. ..... ..

,,,, .:.,..,.,.,,,..,.,.....,,,,. . ..
Average 3,4 :.—..—..
Maximum 62 !

TABLE 4: Acoustical calibration of laboratory environment
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Input Device
The input device used by each participant consisted of 6“ (1) X 3“ (w) X 2“ (h) box with
seven buttons. A label indicating the direction of the scale and corresponding button for
each point on the scale was also provided. A label indicating to the participant his or her
participant number was also included to aid participant prompting during the experiment. An
illustration of the input box is shown in Figure 8

EXPERIMENTAL STIMULI

As discussed in the Selection and Development of Candidate Warnings section, there were a
total of twenty-eight candidate warnings tested. All stimuli (except 27 and 28) were
presented at 6 dB (A) above the background noise level. These levels were 78 dB(A) and 84
dB(A) for sedan and truck background conditions respectively. Stimuli 27 and 28 were
presented at + 6 dB and h dB respective y,, relat iw to the loudness equalized Stimulus 5,

EXPERIMENTAL DESIGN

The experiment was a 11 x 28 x 2 x 2 mixed factorial design with sixteen participants in
each cell. Each participant underwent 616 unique conditions, The factors of the experiment
were attribute (11 levels), auditory warning stimulus (28 levels), background noise (2 levels),
and age (2 levels). As a result of the number of experimental conditions, data collection was
accomplished in two sessions (blocked by backgrouml noise) within a one week period. Age
was nested within participant ts yielding sixteen participants in each cell.

Independent variables
The following independent variables were manipulated

Attribute (1 1 Ievelsl
Although there were twelve ~ttributes included in the questionnaire mailing, some of those
attributes were not tested in the MAE, while others were added. In particular, Orienting
Response was not tested in the MAE since it would be difficult for a participant to
voluntarily rate the likelihood that the sound would Instigate an orienting response.
Furthermore, Naturalness was not tested in the MAE, due to its insignificance as a desirable
warning attribute. While these two attributes were rcrnoved, Loudness was added to the list
to bring the total number of ~ttnbutes tested to ;1

Auditorv warnina stimuli ,28 levels)
As described in the Selectior tmd Development of ( ‘,zindidateWarnings and Experimental
Stimuli sections.
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Background noise (2 levels]
As deseribed in the Environment section of the MAE Experiment, a sedan and heavy truck
interior noise was presented as background noise

Aae (2 levels)
The two age groups that were investigated in this study included participants aged 20 to 40
years and participants aged 65 years and over. An equal proportion of male and female
participants from both age groups were tested.

Presentation Order
Experimental sessions were blocked on background noise, while experimental trials within
sessions were blocked on attribute. Attribute order was completely randomized within each
session and the presentation order of the 28 stimuli was completely randomized within
attribute. The Musics.lit y attribute was always tested during the practice session.

The timing of the stimulus presentations was both participant- and computer-paced. That is,
if all participants within a test group did not enter a response within 5 seconds after a
stimulus finished playing, the experimenter instructed the appropriate subject(s) to make a
response. On the other hand, if all participants entered a response before 5 seconds, the
computer would automatically begin preparation for [he next stimulus. Each stimulus was
presented for approximately :’: to 2,5 seconds for ~c(mstic and 1 to 1.5 seconds for voice
warnings. In addition, the c(vnputer randomly selwted a time within a specified presentation
time window to play the warmng sound. The wind(w for this study was 7 seconds long (one
second increments) and each duration had an equa probability of occurring. This
presentation window was used to prevent the paruc~pant from learning a pattern of stimulus
presentation time and, theref(u e, not accurately rat lr~g the sounds on such attributes as Startle
Effects. This presentation w ~l~dowbegan after a tixed time of approximately 4 seconds after
the last participant response wM registered. Conwq I,lently, the time between the last
participant response and the 1u:xt stimulus wtis bel ~vi:n 5 and 11 seconds

Dependent Variables
The dependent variable measured in this experimen was a rating from 1 to 7 on the
magnitude of a particular attribute for a given sound Although 11 different attributes were
included in the design, the rat] ngs for each attribute within each sound were weighted and
summed to achieve a total weighted score for use as [he dependent variable in the analysis.
Discussion of the analysis pn hxxiures appears in !he MAE Analysis section.

PROCEDURES

Participant Screening and Consent
Participants were contacted by phone or through flier circulation and were screened for age,
gender, and driving status (each participant held ~ current driver’s license) in order to fulfill
the experimental design requ] rements. A copy ot the demographic information form used
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during the screening procedure appears in Appendix “)

Informed Consent
Participants allowed to take part in the study were required to complete an informed consent
form once they arrived for the experiment. 4 copy (~f this form appears in Appendix E

Training
This portion of the procedure consisted of an instructional phase where the experimenter
described the necessary tasks the participants were required to perform during the
experiment. This was accomplished in verbal form, where the experimenter reviewed the
instructions with the particip~ts (the verbal instructions given to the participants can be
found in Appendix F). During the training, the participants were first shown a five minute
Department of TransportatiorI video entitled, “Avoiding crashes - New solutions from
multifaceted research” to provide an introduction to the type of vehicle systems where the
sounds might be employed [n addition, the parhcipa.nts were familiarized with the input
devices and attribute rating Drocedure.

Practice Session
Once all participants were comfortable with the procedure, a practice session was conducted
which required the participant ts to rate all of the twent y-eight stimuli on the attribute of
Musicality. This practice session familiarized the participants with the experimental
procedure and also with the range of sounds they w~)IJldbe rating, The experimental
procedure is described helou

Experimental Trials
Once the practice session was completed, the participants began the actual data collection by
performing the ratings of the stimuli on each of the attributes. The data collection procedure
involved the experimenter first describing the attribute to be rated by presenting its definition
on the overhead projector (see Appendix G for attribute definition overheads). Once
participants were comfortabk with the definition. the twenty eight sounds were presented as
described. The current attritmte being rated remained on the overhead projector until all
sounds were rated on that attribute. Participants were allowed to ask questions during
description of the attribute definition, but were m)[ allowed to ask questions during the test.
With the exception of the experimenter prompting for unregistered inputs (due primarily to
buttons not being pressed ful Iv), the experiment ran automatically during each attribute test.
Two breaks were given during the experiment--one aI the end of the fourth and seventh
attribute. Each of the two w ssions (sedan and trl~c~ :onditions) was approximate y 1 hour
and 30 minutes in length
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MAE ANALYSIS

The analysis of the MAE data consisted of the follow] ng components:

(1) Analysis of Variance to determine significant effects
(2) Application of the attribute weighting to define the MAE matrix and weighted
scores for each stimulus
(3) Descriptive statistics for each rated attribute under each background noise
condition and their inter-correlations
(4) Treatment of pevxl wxl loudness confomds through the use of linear regression
analysis.

Based on these analyses, a se of candidate warning S(wnds was selected for consideration in
subsequent research.

ANALYSIS OF VARIANCE

The effect of sound stimulus cm the total weighted scxlre
of variance (ANOVA) procedures for the set of acoustic
A two-factor analysis was done to evaluate the influence

was evaluated in separate Analysis
stimuli and the set of voice stimuli.
of the warning stimulus, the

background noiseY and their interaction. A second se’ of ANOVA procedures was also
conducted to assess the 1nfl uence of warning stim u~u~ age group, and their interaction on the
total weighted score.

Analyses of the difference In ratings between background noise and sound type were
conducted using separate 2-way repeated measures A NOVA procedures (i.e., two designs
(n =32) each having 2 levels of background noise x 16 levels of sound type for acoustic
warnings, and 2 levels of background noise x 12 Itwe Is of sound type for voice warnings
respectively).

For acoustic warnings, the analysis of the ratings ~.d[he sounds in the two background noises
indicated a main effect for sound and background and no interaction at the significance level
of p <0.05. Overall, the participants rated the ac~mstic warnings higher in the truck
background noise. For the wxce warnings, only a main effect for sound type was identified.
Since no interaction between sound and background was identified, the sedan background
noise was chosen for use in the selection of optimal warning sounds using the MAE.
calculations, bar charts. and ,~atter plots disc usse( I In the following sections.

To analyze the differences In ratings between age [2040 and 65 and over) and sound,
separate 2-way mixed factorial Analysis of Variance procedures were performed on the total
weighted score for acoustic warnings and vome wam] ngs (i. e., two designs
having 2 levels of age x 16 !tvels of sound type f Ir .-icxwstic warnings, and
12 levels of sound type for ~~~}Ice warnings rtqxa I ~ II ,

(n= 16) each
2 levels of age X



The results for the age and acoustic sound analysis indicated a main effect for age and sound
as well as an interaction between age and sound. In general, older participants provided
higher ratings than the younger age group, however, the magnitude of this difference varied
among sounds. Four sounds that were rated significantly lower overall by the older age
participants were Stimulus 1, 6, 9, and 26. Based on the octave band analyses for these
sounds (refer to Appendix B), the lower ratings for these sounds may indicate the existence
of presbycusis (age induced hearing loss ), since these sounds have a high proportion of
sound energy in the frequency band prone to presb ycusis onset. The results for the age and
voice sounds indicated only a main effect for sound tvpe.

MAE MATRIX CALCULATION

The attribute ratings made by each participant for each of the twenty-eight warning signals
were averaged across participants and entered appropriately into the MAE matrix in order to
calculate the composite weighted scores. Each of the average attribute ratings for each sound
were then weighted using the average expert rating on each attribute attained from the
questionnaire. The weighted attribute ratings were then summed to achieve a total weighted
score for each warning. A separate MAE matrix calculation was made for both sedan (See
Table 5) and truck background noise (See Appendix H) conditions. As concluded from the
ANOVA procedures, since the background noise and sound type interaction was not
signifhnt, interpretation of the MAE calculation, ba~ charts, and scatter plots was based on
the results attained in the sedati background condll.lon

As mentioned earlier, s~le tifects and annoyance attributes were negatively weighted in

this MAE calculation. This was necessary to accounr for the fact that the definitions were
worded in a negative fashion [L.e., to what extent must these attributes be minimized). Table
6 shows the total weighted scores for both the acoust]c and voice warning sounds in both the
sedan and truck background m~ises, This figure is simply the sedan results from Table 6 and
truck results from Appendix w in tabular form. r?w sounds are ordered from highest to
lowest total score.

As anticipated, Stimulus 27, which was presented at b dB higher than the nominal value for
other stimuli, had a higher MAE total-weighted score than other acoustic stimuli. Likewise,
Stimulus 26, which was presented 6 dB lower than the nominal value of other stimuli, had
the lowest MAE total-weighted score among acoustic stimuli. This suggests a dominant role
of loudness, which will be addressed below. The voice stimuli generally scored lower than
the acoustic stimuli,

As shown in Table 6, the MAE calculation for sedan background noise found that the top
acoustic stimuli (not including Stimulus 27 and 28) in order of highest to lowest score were
1, 8, 10, and 5, and the top ~(~ice stimuli were 14 21). 15, and 16 [SimilM]Y, the t~ck
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Table 5: MAE matrix calculation for sedan background noise condition
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1 299.45
8 289.73
10 287.03
5 278.34
7 233.12
12 232.59
9 231.83
4 227.22
28 224.19
3 224.15
\ ~ 222.48
2 219.93
‘:1 214.93
6 213.32

26 177.91—.-.—.- —-—.

27 318.26
1 309.47
5 291.08

1(2 281.06
8 266.58
4 256.67
13 256.16
2 248.41
9 244.04
7 240.51
12 239.61
11 234.74
3 230.81

28 223.90
6 219.35

26 203.50.—----- I —.

20
15
16
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21

22

18

25
1 :]

2:3

24

—-—.———

——,

233.31
220.55
220.51
216.66
203.05
193.41
170.20
155.69
‘53.71
145.23
140.14
12795

..—

224.56

224.08

206.91
206.02
195.;7

190.82
177.12

170.65

163.01
157.43

149.25
139.53

Table 6: Total scores for sounds in Sedan and truck and background noise
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background condition yielded the top acoustic warnings to be 1, 5, 10, and 8 for acoustic and
14, 15, 16, and 17 for voice], Since the MAE calculation produces a total weighted score,
performance on individual attributes was also assessed in order to ensure that these top
stimuli performed well on the most important attributes, and that existence of poor attributes
was minimal. The remaining anal yses, discussed below, were conducted to account for
individual attribute performance

INDIVIDUAL AITRIBUTE RATINGS

Bar charts were created to illustrate attribute rating and total weighted score as a function of
warning sound. A total of twelve charts are included in this document (11 attribute vs sound
and 1 total score vs. sound) The bar chart shown lr Figure 9 depicts the total weighted
score for each of the 28 wa.rmng sounds in both sedan and truck background noises. For
consistency, the numbers 1 t(} 28 on the x-axis correspond to the stimulus numbers used
earlier in this document. For convenience, the description of each of the 28 sounds is
repeated below:

1) low-fuel warning (Stimulus 1)
● rapid wailing siren

2) take-off abort warning (Stimulus 2j
● S1OW,pulsed, whistle-like tone

3) Radio Shack #273-075 (Pulse Mode) (Stmlulus 3 J
● approximate] y 3500 Hz peak pulsw beep

4) Radio Shack #273-075 (Continuous Modej (Stimulus 4)
. high-pitched ambulance-like siren

5) Radio Shack #273-072 (Stimulus 5)
● low-pitched ambulance-like sirrl

6) continuous tone high (Stimulus 6)
● n~ow s~~m with peak center~~ at approximate y 5200 Hz

7) continuous tone low (Stimulus 7)
● broader spectrum than stimulus ~ with more low frequency energy

8) Pattern 1 (Stimulus 8)
. 2500 & 7500 Hz broad pulse of 11~) ms each repeated at 8 ms intervals,
pause of 110 ms

9) Pattern 2 (Stimulus 9)
. 5200 Hz, two paired burst~ with a longer pause between a repeated set of
paired bursts

lo) Pattern 3 (Stimulus 10)
. narrow 2600” & 7800 peaks, temporally similar to Pattern I

11) 1500-2000 Hz. 75ms sweep time (Stimull,s ( 1)
12) 2000-2500 Hz. 75ms sweep time (Still~ul~ \ 1? )
13) car horn (Stimulus 13)
14) DANGER, male, digitized (Stimulus 4 ~
15) WARNING, malt digitized (Stimulus 1
16) HAZARD, male ~ligitized (Stim\llus “

7-5



17) DANGER, male, synthesized (Stimulus 1“’)
18) WARNING, male, synthesized (Stimulus i 8)
19) HAZARD, male, synthesized (Stimulus 1‘J)
20) DANGER, female, digitized (Stimulus 201
21) WARNING, female, digitized (Stimulus 21 )
22) HAZARD, female, digitized (Stimulus 22
23) DANGER, female. synthesized (Stimulus 23)
24) WARNING, female, synthesized (Stimulus 2.41
25) HAZARD, female. synthesized (Stimulus 25)
26) tire skid (Stimulus 26)
27) Stimulus 5 (+6 dB)
28) Stimulus 5 (-6 dB ~

Figure 10 illustrates the relative] y small effect of background noise on total weighted score.
In addition, the significant effect of sound type (acoustic or voicE) is visible. For voice
warnings digitized speech (ii: , 14, 15, 16, 20, 21 and 22) appears to be more effective than
synthesized speech (i. e., 1~ 8 19, 23, 24 and “’$1

A final point to note on Table 5 is the performance of Stimulus 27 and Stimulus 28. As
described earlier, Stimuli 27 and 28 were simply Stimulus 5 presented at different sound
levels (+/- 6 dB). As Is readily apparent, loudness heavily influences total weighted score
The 12 dB span of intensity ‘-or this sound resulted lr~a change in the total MAE score of
about 130 units, or 10.8 units per 1 dB increase in sound level. Thus the rated “goodness”
of a warning sound is strongl ) related to its perceived loudness. Figure 10 shows the
loudness attribute ratings for each stimulus, Despite the approximate equalization of stimuli
in terms of A-weighted sound level, there remained noticeable differences in the perceived
loudness to subjects. Note that the difference in ratd loudness between Stimulus 27 and
Stimulus 28 is about 3 rating wale units. There l\ a comparable range of loudness ratings
among the other stimuli in the set. This suggests that despite the initial equalization based on
the dB(A ), the perceptual difference in the loudness of the various sounds may have been the
result of stimuli differing in equivalent presentation on the order of 12 dB or more. Equating
sounds for A-weighted sound level represents on]:! ~ first-approximation to actually equating,
the sounds for equal loudnesk Better loudness estimation schemes exist, but even these are
still approximations. The onl I; accurate way to equate sounds for loudness, which Is an
entirely subjective quantity, Esto perform psychophysical loudness judgement experiments.

The human ear is exquisitely >ensitive to sound frequency sound level, frequency
modulations, level modulatim~ ~, rise-time, fail-times. temporid envelope, etc. These all
contribute in subtle ways to loudness judgments w thatno simple weighted sound level
measurement can possibly seine to capture all of [he.se important influences. The
implicatiorts of this for Interpreting the findings aw {iiscussed below.

The remaining bar charts, ~liJ \trating the rating (1I 1i~,I I1 attributes on each of the 28 sounds,

can be found in Appendix
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The interrelationships among the various warning attributes are shown in Tables 7 and 8.
Table 7 presents the correlation matrix for the 16 acoustic stimuli and Table 8 presents this
for the 12 voice stimuli. Intercorrelations among attributes are shown separately for sedan
background noise and for truck background noise within each table.

As is evident from the correlation matrix, many of the attribute ratings were strongly
correlated. For the acoustic stimuli, musicality was weakly related to other attributes, and
annoyance had some moderate correlations. The other stimuli all correlated with one another
at r =0.85 or greater for the sedan background noise and at r =0.69 or greater for the truck
background noise. Intercorrelations for the voice stimuli tended to be higher than for the
acoustic stimuli.

The confounding variable of loudness was accounted for by creating scatter plots of stimulus
total weighting as a function of loudness rating. Similar plots of specific attribute ratings as
a function of loudness ratings also were created for the top four attributes (as determined
from the questionnaire) and for the annoyance attribute on]y. All of the scatter plots
incorporated a regression line which described the attribute rating or total weighted rating as
a function of the loudness attribute rating. This regression line was used to describe a linear
relationship between loudness and each attribute and total weighted score that could then be
used to minimize the effects of unequal loudness on data interpretation.

Since in real-life applications, the intensity of a warning signal can be set to any desired level
(either by the manufacturer or under control of the usef~, it would be desirable to compare
the performance of the various alternative sti mu] i In ‘he absence of loudness differences. In
this sense, the variation in pe rceived loudness of the various stimuli may be viewed as a
confounding variable. For this reason, regression analyses were conducted, in order to
account for the influence of loudness in the overd 1 MAE ratings

The rationale for the regression analysis is as follows. The total MAE score was intended to
provide an index of the “goodness” the potent.kd warning, based on appropriate weighting of
the stimulus attributes. Loudness was not an included attribute in the MAE, because it may
vary in application. Since, perceptually, loudness did vary from stimulus to stimulus in this
experiment, we wished to minimize its influence on the ratings, The regression line in the
various scatter plots portrays the general relationship between loudness and the rating. Data
points in general fall near this regression line, showing the strong relationship with loudness.
Data points that lie above the regression line indicate sounds that are somewhat more highly
rated than would be expected based solely on their judged loudness. Data points that lie

below the regression line are rated lower than would be expected based solely on their
judged loudness. Thus in terms of identifying good candidate warning stimuli, the
preference is to use those whose data points lie abovt the regression line: they are even more
effective than their perceivd Ioudness would suggesI
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TABLE 7: Correlation matrix for acoustic sounds only (n= 16). Values above the
diagonal are for sedan background, values below the diagonal are for truck
background.

Annoy-

ance

Appropr-

Discrim-
inability

Emer-
gency

Loudness

Meaning

Musical-
ity

Natural
Response

Notwe-
ability

Startle

Urgency

AN

NO

--

.61

.72

.76

.86

.89

-.28

.86

.83

.88

.89

AP

PR

.53

.-

.84

.89

,76

.78

.38

.81

.79

.70

.71

D]

Sc

62

g-1

,82

.69

80

39

7t)

7?

7*

7(}

EM

ER

67

94

95

-.

76

.90

.09

.94

’74

76

.88

LO

LJD

.84

.85

.85

.88

--

.83

-.07

.86

.96

.91

.87

ME
4N

80

85

88

.91

90

.-

12

96

82

92

94

NR

ES

74

89

92

.95

.89

.98

.04

.82

.89

,96

NO

TI

.67

92

95

.95

89

92

17

95

91

84

ST

AR

.82

.87

.90

.93

.96

.92

.03

.93

.95

-.

.90

UR

GY

.78

.89

.90

.94

93

.97

.04

.97

.91

.94

--

7-1(



Table 8. Correlation matrix for voice sounds only (n= 12). Values above the
diagonal are for sedan background, values below the diagonal are for truck
background.
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As Figures 11 through 16 suggest, acoustic Stimuli 1, 4, 5 (including 27, 28), 8, and 10
tended to fall above the regression line for total weighting and for the key positive attributes.
Stimuli 4, 5, 8, and 10 also fell below the regression line for the negative factor of
annoyance. For the voice stImuli (see Figures 1q through 22), data points clustered more
closely around the regression line, so that there was Jess apparent effect of voice/message
type beyond the perceived loudness. Only voice Stimuli 15 and 20 tended to be consistently
above the regression line. Appendix J and Appendix K contain the scatter plots for acoustic
warnings and voice warnings in the truck backgrmmc noi sc condition.



SELECTION OF PREFERRED WARNING STIMULI

Based on the MAE scores and the regression analyses, a subset of the stimuli was selected as
preferred for subsequent research and application Among the acoustic warnings, Stimuli 1,
5, 8, and 10 scored highly on the total MAE weighting in the sedan background. These
stimuli, together with Stimulus 4, also tended to be more effective than their loudness alone
would suggest. Therefore, taking these two criteria ftotal MAE and regression analysis)
together, the acoustic stimuli that merit further consideration are 1, 5, 8, and 10. Among
these, Stimulus 1 was the most annoying, both in terms of absolute rating and also relative to
the regression line, At the same time, the total MAE weighting for Stimulus 1 was the
highest in the set, both in absolute terms and relative tu the regression line.

The five most effective stimull (numbers 1, 4, 5, 8 and 10) had some features in common.
With the exception of Stimulus 1 (low-fuel aircraft warning), the majority of these stimuli
had frequency spectra that showed relatively high frequency energy, and exhibited multiple
harmonious peaks above a fundamental basic tonal component. They all had multiple bursts
or pulses in their time histories, which gave them a time-varying or intermittent character.
Stimulus 1 had predominantly high-frequency acoustic energy, but of a more spread out
spectrum. minus the distinct harmonics which are multi pies of some fundamental tone,

Findings for the voice stimul 1 are less clear. As d class, the voice sounds were somewhat
less effective than the (non-voice) acoustic sounds Within the voice sounds, the digitized
voices were rated considerable> louder than the synthesized voices, complicating the
interpretation. In general, the digitized voices had h]gher total MAE weighings, but the
loudness rating accounts for most of this. General] y the “DANGER” message had a higher
MAE weighting, but again this was strongly related 10 loudness. Since the word message
can be independent of the vmce used, there ls no strong, basis for excluding any of the four
voices from further evaluation However, the femak synthesized voice may be the weakest

of these choices, unless it is presented at substa.ntlall y higher sound levels than other voice
stimuli. This stimulus tendtil to suffer a 10SSof [onspicuit y in truck noise. relative to sedan

noise, as well.
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Figure 12: Noticeability x Loudness, Sedan Background, Acoustic Stimuli
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Figure 15: Urgency x Loudness. Sedan Background, Acoustic stimuli

1-----
I
t
I

}

,00 2.00 3.00 4.00 5.00 6.00 7.00
LoudnessRating



7.00

6.00

2.00

1.00
*

figUre 16: Annoyance xLoudness, Sedan Background,

I .00 2.00 3.00 4.00 5.00 6.00 7.00

LoudnessRating

7-18



350

300

150

100

Figure 17: Total weighted x Loudness, Sedan Background, Voice Stimuli

20

21
● /

4

● 16
22

18 ●
23

24 ,; 25

1.00 2.00 3.00 4.00 5.00 6.00 7.00

LoudnessRating



Figure 18: Noticeabihty x Loudness, Sedan Background, Voice Stimuli
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Figure 19: Discrimination x Loudness~ sedan Background, Voice stimuli
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Figure 20: Meaningx Loudness,S edan
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Figure 22: Annoyance x Loudness, Sedan Background, Voice Stimuli
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CONCLUSIONS

This research included the following sequence of steps: it identified key attributes of auditory
warning signals; established relative weighings for each of those attributes; collected
subjective ratings for each attribute for a set of potential crash avoidance warning sounds;
applied the weighings to the ratings to evaluate each sound; and identified a most-promising
subset of sounds. The expen mental study was successful in identifying four acoustic signals
as preferred over others for in-vehicle application Findings for voice messages were less
clear, since no voice stood out as clearly better, once the possible confounding effect of
subjective loudness was taken into account. Nonetheless, the data did reveal that the acoustic
(non-voice) sounds generally performed somewhat belter in total rating scores than did the
voice sounds.

The intent of this research was to optimize the auditory warnings that may be used in future
crash avoidance warning applications. There is a need to standardize such warnings, so that
they retain immediacy of meaning across various veh]cles, situations, and hazards. The
current findings contribute to an empirical basis upon which such decisions may be made, so
that an effective warning stimulus is ensurcxl The best-performing stimuli in this study can
be considered reasonable canddate signals. Since thi-i study could on] y evaluate a finite set
of stimuli, from an infinite number of alternatives 1[ is not meaningful to view this research
as defining ~ best possible warning signal Howevc-r, the study does define those stimuli in
the set that were relatively more effective, and based op other criteria from the literature.
should be reasonable candidaws for selection

One factor that complicated the analysis of the data was that the subjective loudness of the
various signals varied. This would be appropriate it’ loudness was one of the sound attributes
under consideration; however, since loudness can be adjusted for any sound, the intent was
to evaluate alternative sounds 1ndependent of their loudness. Although the stimuli were
equated for presentation in the laboratory at equivalent A-weighted sound levels, or dB(A),
readings, this did not preclude variations in the subjective level of loudness. A linear
regression analysis was used u} statistically minim lze the confounding effect of subjective
loudness. However, it 1s recommended that future research should equalize stimuli in terms
of subjective loudness prior to conduct of any experi nlent. This can be done through the use
of psychophysical methods using small juries However, It is also recommended that
subjective loudness ratings be acquired during the expen ment as we] I as was done here, so
that po.~t hoc anal ysk can cop firm the equalization ani [ deal with any variances.





APPENDIX A: MAE QUESTIONNAIRE





comsns —— ———

{MONTH DAY, YEAR}

{NAME}
{ADD12F23S]
{CITY, STATE ZIP}

Thank you for participating I this survey. We dpJ)TWlEik2 your time and your interest In our
study. As you may recall, tht human factors group A (’OMSIS IS conducting a survey of what
experts in the fields of IV H:i safety, and humari ta{ tors consider to be important perceptual
attributes of auditory warmnj:> for in-vehicle crasl ,+v~ldance warning applications. We would
llke to survey your opinion t II this topic.

The survey is part of a research project on Cras/i &V<)jdance warning Devices that is being

sponsored by the National Highway Traffic Safei. 41~ministration (NHTSA). Our initial task
was to develop preliminary h Inan factors guldelints ! }r these devices. Based on the guidelines.
we are currently resem-chin~ auditory warn] ngs -}~ lse with these devices. This wmey is
designed to help us identif] a .ditory warning attri hIltr ~ie.g. urgency, conspicuity, etc. ) that are
reliable indicators of ii warn Ing’s effectiveness ,is in in-vehicle collision avoidance device
warning. That is, a warning, I,I alert a driver that , ur:ts}l situation is likely unless an immediate
action is taken. Expert oplnl(~lis of these attributes wiI ailow us to select physical charactetist]cs
(e. g. wave form features ‘I hi are best suite 1 for m 1,iding the des]red percepts.

Enclosed is the survey we w.}idd like you [C con) ;lltJT:When you have completed the survey
please return it in the encl{wl envelope. lf vou J+( An> quest]ons please call Adrian Tan at
(301) 588-0810 x8017

Thank you again for you~ tlr~e and input gl~en II [hi. iurvey

Sil!c(:re]v,

R D. Lyons, Ph.D.
M.mager. Human Systems Design

Enclosure:

W<ISPI{ cIi,?T O

1E>7L.

San Franascc)



SURVEY OF AUDITORY WARNING ATTRIBUTES FOR
IN-VEHICLE COLLISION AVOIDANCE DEVICES

METHODOLOGY
The key to identifying optimaJ auditory warnings is to realize that the warnings are
not onedimensional but have multiple attributes. In some cases these attributes are
even counter to each other (e.g. attention getting vs. annoying). This research
recognizes that auditory warnings are not one-dimensional. Thus, a Multi-Attribute
Evaluation (MAE) technique will be used to assess the warnings. Multi-Attribute
Evaluation offers a systematic method of evaluating complex items having multiple
traits. The MAE integrates divergent attributes of an item into a single score to
enable the items to be directly compared to one another. This methodology requirm
defining and weighting key attributes on which the iterns will be evaluated. We are
surveying expert judgetnents to define and provide weighings for the perceptual
attributes of auditory warning signals

INSTRUCTIONS

You will be rating perceptual attributes as+ )cIated with auditory warnings, These
attributes will be consdcred in the developrntint J”:1 collision avoidance warning for an
in-vehicle collision av(II~ance system. The pIJqx I\: ~~fthis auditory warning is to inform
the driver ot’an “lmmirlent crash” situation, whI/.l means that ~ crash will occur unless
an immediate action i~ !aken on the part of the drwer The warnings can be either
acoustic (e.g. warble : Instant tone, etc V(I .I1 f : “Warning!” “Caution’”. etc ), (Ir
a combination I)t h{)t.h

While each ot”the atmtwes listed in the surve> is I)robably important to auditory warning
design, the purpose of”this survey k to evaluatetht relative importance of’each attribute.
Specifically, given a design situation where trade-i ffs are unavoidable, how much weight
should be given to eact )t’these attributes when . resting or selecting a warning? Note
that the interest (If this survey is on the perceplu,i attributes (Jt the warning and not the

physical characterist~c. )f the warning that Itit, ~hes< attrlhutt:i such ass frequency

sweep, duty cycle. am Intensity,

C)n the following page ‘here are twelvt attr! bult, [o be rated Please review all the

attributes and their dtxinlti(ms prior to performm~ your ratings ~“ou will be rating the
attributes 011a MAl< fr n I to 10, when- a “: 1‘‘ ~ldicates that the dttribute is extremely

important. Pltist: , ]r~I ~the number correspondln: to v(wr rating You may assign the
same rating to m()r~ U1311I)ne attribute, All F i~~L)\t )t these attributes probably have
S()me important: ~(~~ever your ratings :. :1(111 .h(~u the clat[ve importance when
tiese factori are .:omp:r ‘xl t{ each otheI

The last page is tbr adii itional attributes tha~ .OIJ feel should also be included, P1ewe
provide brief descriptions M well AS rating. II importance relative to the existing

attributes. Atter you nake any suggestions pl ti.st. mrnplete the rank ordering task.
There is a blank Pagi: JI :iuded for additmmd , irrlment~ V(IU might have

\,>-——. - —.—.

comsus



AUDITORY WARNING A_ITRl13UTE RATINGS

Re.Iativeto each other, how important are thew attributes to an auditory warning? Please circle.

COTWPICUIT3’ Trivial -- 1 :2 5 4 5 6 7 8 9 10+ Very Critical

The auditory warning IS noti,rable within other noisw an4i sounds in the vehicle.

DIS(XIMNABILITY Trivial + 1 : ~45678910+ Very critical

The auditory warning is umqlwiy identifiable and distirwt (Tom dwr souncks in the driving environment.

imJsIcALITY Trivial + 1 I d 56: 8 9 10 -DVery Critical

The auditory warning IS meh MIIOUS

MEANING Trivid+l 1 ‘I 4567 8 9 10 - very Criticid
The auditory warning unambi~uously conveys {,r sugg.~~s the mearung of “itient crash”.

URGENCY Trivial -- 1 ; 14567 8 9 10 -+ Very Critical
“Theauditory warning ~onve} $ the proper sense of importance motivating an immediate reqmnse.

APPROPRIATENESS Trivial *I: ’4567 R 9 10 + Very Critical
The auditory warning [s compatible with the vehicle :nv I[..mment.

ANNOYANCE Trivial --l 2 ~ 4 5 6 7 8 9 10 + Very Critical

The auditory warning 1S NCI”‘ annoying or irritatingiI)thehver (,awummg minimal false alarm rates).

STARTLE EFFECTS Trivial + 1 ; i 456789 10+ V~Criticai
The auditory warning

NATURALNESS
The auditory warning

DOES NOT startleor surprisethe (inver causinga delayedreaction.

Trivial * 1 z \ 4 5 6 7 8 9 10+ Very Critical
DOES NOT appear artificial or computer generated.

EXPERIENCE COMPATU3UJTY Trivial + 1 I 3 4 5 6 7 8 9 10+ Very Critkd

The auditory warning follows natural or learned relatmnshlps of users, such as sirens associated with

emergency, or words such *L “DANGER” and “CA( ‘TIoff” associated with warnings.

ORIENTING RESPONSE Trivial+l 2. 3 4 5 6 7 8 9 10-+ Very Critical
The auditory warning cart he easily localized in 3-D +ound space, and causes the driver to look m the
direction of the hazard.

RESPONSE COMPATIBILITY Trivial -- 1 : “I 4 5 6 7 8 9 10+ Veq Criticzd
The auditory warning causes the driver to antic~pate .ind [repare for an emergency respomse.

. .. . .. -.-_,_

ciimsis



AUDITORY WARNING A17RlBlJTE SUGGESTIONS

Please describe an4~ rate additional at tri hut& you feel we might have

ovedooked .

1. Trivial +- I ~. 078Q
— -.. . . — :0 + Very Critical

Desel-iptkm:

Z_____ ‘rrivtil - i
Description:

3. —.—- . . .
Description:

___ Trivial - ;

4. ——. .
Description:

Trivial + I

67< j I 9 + Very Critid

t):~ ‘I 10 -- Very (Mid

6“’*J IO -- Very Critical

RANK ORDERING TASK

Please rank order the following attributes, together with any
addltiond attributes you may want Io include, on the basis of
overall importance (1 = most important).

Urgency
Appropriateness
Response Cornpat [~d II \

Conspic@
Musicahty
Experience Compat ihi!itv
Annoyance level
Naturalness
Orienting Rqonsc
Meaning
Startle Effects
DiscriminabIlity

.—.—.. . — —...———-.,—.
———.— ----- —
—— .—. -. -..-——-—
-._—. _—. .— —..—.—...—

_.. _ .— —. — .-. . . . . . . . ..—— ~.

cnrnsui



WE WELCOME ANY COMMENTS YOU MIGHT HAVE.
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APPENDIX B: OCTAVE E* ANDAND TIME SERIES ANALYSIS OF EACH STIMULUS
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Stimulus 10: Pattern 3 (1/3 Octave Band Analysis)
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Stimulus 12: 2000-2500 Hz Sine Wave Sweep (Octave Band

Analysis)

() ~- --- _—.——

-10 }----––– -

I

-20 . . . . .

--30 .-. .–-. .--

-40 7- --–—---—-

-—

—

— .-

n

‘r

c) 0 a

1/3 Octave Band [Center Frequency)

o 0 0 c,
o 0 0 E r,
m o m o c
C-4 v cc c ~,

. . ---

—- - --.-— .—.

—. - --...——— --~ ..—-—- .

-—— . . . . . .— -—

Stimulus 12

B-I



.“ ..—. —

0

-10

-20

-30

-40

-50

-60

-70
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2.4 AUDITORY DISPLAY>.
Auditory displays include both acoustic and speech displays. When used in conjunction
with visual displays, audit ory d~plays provide the redundancy necessary for crash
avoidance warning systems. Auditory displays are most effective if they are reserved for
imminent crash avoidance warnings, but they may also be effectively used for cautionary
warnings for certain devices. Auditory warnings should not be used for status displays.

2.4.1 CHARACTERISTICS OF AUDITOR~’ MMINENT CRASH AVOIDANCE
WARNINGS.
Auditory displays are the recommended mode of display for imminent crash avoidance
warnings. The auditory display for imminent crash warnings should be distinctive and
reserved only for crash avoidance warnings. The warning may be either an acoustic signal
or a voice message, but the imminent crash avoida nc.e warning should be consistent across
crash avoidance devices. [n the absence of a standard acoustic and voice display, refer to
Sections 2.4.5 and 2.4.6 for recommendations for acoustic and speech displays, respectively.

Numerous studies sup]xmt the superiority (.) iiii~ iitory displays In terms of alerting
value and reactmn tin]( (Horowitz & Dingu), 1992; Lilliboe, 1963; Teichner,
1954), particularity m situations in whict~ ;iicrtmg the individual is of prime
importance. In an in-minent crash avoidance situation, the alerting value of a
display and the mact](~ll time to a display Art~overriding concerns. Therefore,
auditory displays are I ttom mended. ,41thwJg t tactile warnings are permitted as
an alternative t~~an ,ilditory mode ot disl~i; \ [he current state of knowledge
regarding tactile warJI Ing displays sugges i> 1lat auditory warnings should be
favored, except wher[ it is clearly (Iemoi-1\Krt[ed that the tactile display IS as
effective as an auditor\ d]splay.

2.4.2 CHARACTERISTIC’S OF AUDITOR} [ “41JTIONARY CRASH AVOIDANCE
WARNINGS.
Auditory displays should not be used for cautionary crash avoidance warnings unless the
advantages of using such displays outweigh tht dhdvantage.s.

There is a design tra~c -off between the a{:~ai)tages of auditory displays, which
include superior aler I ng capabilities am. reduced reaction times, and their
disadvantages, which I lclude their potential ;( lr annoying the driver in the case
of fr~uent false or ntl]sance alarms (Butler, .Manaker, and Obert-Them, 1981;
Randle, Ixsen. and th illiams, 1980) and ‘he possibility that such displays may
create auditory cl utte} (Patterson, 1982). 1n addition, auditory warnings may not
be perceived in nols,, driving envnonmcnr ~~ Therefore, ;he designer must
consider these Wade-of f~when deciding whet.he - an auditory display is appropriate
for cautionary crash ii ~+~idancewarnings. Rec.wse of the possibility for multiple
crash avoidance warn ir,g devices in the v~nlc II:, the potential for annoyance and
intrusiveness is mcreawd, due to an mcru.iw 1r the rate of false and nuisance
alarms. Visual cauti<vlary warnings tire I]-ett rred for any device except where
important advantag~s f talltionary a Idit( 1fulays car ~e demonstrated, and



user acceptance ]s high

2.4.3 AUDITORY DISPLAYS FOR STATUS INFORMATION.
Auditory displays should not be used to provide status information.

In order to presewe the saliency of auditory signals for warnings, they should not
be used to convey stat u> information, Additionally, drivers will quickly adapt t.o
the auditory signals cv, on the other hand. may turn them off. The resulting
adaptation will decrea w the effectiveness i1f @tK warning signal.

2.4.4 SOUND SOURCE U.)CATION.
The apparent source of an auditory warning shou M be consistent with the direction of the
hazard.

Because of rapid advmces in auditory displa J technology (e. g.. 3-dimensional
auditory displays ], ie location O! th( ,{ und source conveying auditory
information is less r ~wtant than the Iota i(!’ t~om wh]ch the sound app(’urs [c)

emanate.

2.4.4.1 Cuing for Directional Hazards.
Devices which provide audit ory warning directional information should locate the sound
source such that the warning appears to emanate from the position in the vehicle which is
closest tc} the location of t.ht’ target or crash sit uat ion which triggered the warning.

Auditory warnings cw 1be used to provide dl rec tlonal information because humans
are, in general, ve~ good sound local] zers ~M( Fadden and Pasanen, 1976; Mills,
1958) Three-dimensitmal auditory displa} :ecmology is beginning to mature and
may soon be availabi( In a variety ot app~~ca~ens, allowing for the presentation
of auditory in format]ori at virtually any Ioc.atlcm [f such technology is not cost-
effective, auditory wdrning directions i-inf[ ~m Iiitlon can k. conveyed through, for
example, the use 01 I he four sterti] speak-s in the vehicle or through the

appropriate location .*IIthin the vehlc le o i th( ~rash avoidance warning device
speakers (see Sectlm J 4.3 for lim~?at]fl~~ ~ Ist: of displays directly ahead of
or behind the drive”

2.4.4.2 Cuing for Non-Directional Hazards.
The auditory warning for non-directional hazards should be presented such that the
driver’s attention is directed to the driver’s line of sight of the roadway ahead or toward
a visual display that specifies the nature of the hazard.

Non-directional hazard warnings should serve to heighten the driver’s awareness
of the driving situat~tm, and should nol b~ confused with directional crash
avoidance warnings. By directing the dri~ er L attention to the roadway ahead or
to a visual display, It t tendency for conf.,sl ~Jt with directional crash avoidance
will be reduced, w+ it still increasing ~I Y ~n ver. s general awareness of the
hazardous situat[on



2.4.4.3 Auditory Displays in Front of and Behind the Driver.
Auditory warnings that are presented to the front or rear of the driver should not be
presented in the median plane (i.e., the plane perpendicular to the horizontal plane which
passes through the driver’s ears).

2.4.5

Although humans art generally good sounc Vocalizers, they have difficult y
identifying sounds dirtx:tly above, in front ~t+ (r behind them, without some head
movement. As a result, front-to-back perceptual confusions occur frequently
(131auert, 1969/1970; %takous and Middlebrcx)!is. 1990). I+owever, even slightly

offsetting the location of such sounds b~ t :(:w degrees to the right or left

eliminates this problem because of the acute human perceptual sensitivity to inter-
mural time differences 1McFadden and Pasant t 1976).

CHARACTERIST1(’\ OF ACOUSTIC DIS Pl .A YS.
Acoustic displays (i.e., all auditory displays ~xcl:pt speech displays) may be used for
imminent and cautionary crash avoidance warnings. +coustic displays maybe used to alert
the driver that a crash situation exists, assist th~ driver in locating the target or crash
situation, and convey hazard proximity.

2.4.5.1 Coding of Levels of Warning.
Acoustic displays used for imminent crash avoidance warnings should convey more urgency
than other types of acoustic crash avoidance warnings present in the vehicle. The following
characteristics may be USA to differentiate iinm inent from cautionary acoustic crash
avoidance warnings:

Lhigh signal (or pattern)

L --l

low signal (or pattern)
repetition rate repetition rate

. ...— . . .—.—

Lhigh intensitl
4-

io w intensity
———. “., —— -. .. ..———— -4

large frequency small frequency
oscillation.< within (wcillations within

1-auditory patterns ~duditory patierns ]
.—.. .— .————---—.

Edworthy, Loxel y, ami Dennis (199 1) en umrrate the sound characteristics that
increase the perceived urgency of a warn] ng !Ilgnal, and the preceding guideline
is largely based on t.twlr work. Additiond I * ork conducted by Peio and Dolan
(1992) supports this ~~commendation

2.4.5.1.1 Intensity Coding

Intensity coding should not be used to distinguish among the levels of warning of a crash
avoidance warning devict’ ~Ir svstem.



Intensity coding is generally not recommended because people are poor judges of
absolute levels of intensity (Van Cott and Kinkade, 1972). Although imminent
crash avoidance warnings may be conveyed at a greater intensity than cautionary
crash avoidance warn mgs, other auditory . haracteristics besides intensity should
be used to code the Itwel of warning

2.4.5.1.2 Duration Coding.
Duration coding is not recommended for auditory crash avoidance warning displays.
Pattern of tones may be used (see Section 2.4.5.8)

Drivers’ inabilities {~ judge absolute s~gnaI duration m the absence of a
comparison tone will wquire that duration diff!:rences be quite large. Because of
this, the overall time required to present 1he i gnal would !x so long as to delay
driver response.

2.4.5.2 Fundamental Frequencies.
Sounds having fundamental frequencies between 500 and 3000 Hz are recommended for
acoustic crash avoidance warnings. If frequent) is used as a code to d~inguish among the
levels of warning of a dev]ce or system, the fundamental frequencies chosen shoukl be
broadly spaced over the 200 to 3000 Hz range (e.g.. 200, 1600, and 2800 HZ instead of 200,
300, and 400 Hz). The frequencies chosen should be those leasst subject to masking by
ambient noise. In accordance with Section 2.4.5.1, if frequency is used to code levels of
warningj imminent crash avoidance warningi ~ould have the highest fundamental

frequent y.

Fundamental frequency values are well :stzibhshed in the auditory warning
literature, (VanCott and Kinkade, 1972; Morgan. Cook, Chapanis, and Lund.
1963; MIL.STD-l 472 D; NUREG 0700). ticw ever, both Veitengruber, Boucek.
and Smith ( 1977) and Berson, Po-Chedley. N’ll]cek, Hanson, Leffler, and Wasson
(198 1) cautjon that frequencies should be ;h[)sen with due consideration of the
noise characteristics {~fthe operational en. ir t! men t

2.4.5.3 Spectral Characteristics.
If a single sound is used for a crash avoidance warning, a complex sound should be used,
as opposed to a pure sinusoidal waveform. V;irial ions in spectral characteristics may be
used to code levels of warning,

Complex sounds are more easily identified thw~ pure tones. Pure tones also tend
to be annoying to tht~ listener. Because complex sounds contain a variety of
perceptual cues, it 1s easy to create numerous signals that can be easily
differentiated and absolutely identified. Pure tones, in contrast, are less “rich”
and can be Identified (Mdyon the basis of their frequency (Van Cott and Kinkade,
1972; Morgan. PooL, (’hapanis, and Lur (< I%3 MII.-STr’)- 1472D; NURECi

0700) .

(.”



2.4.5.4 Default Warning Intensity.
At the driver’s ear, default intensity values for acoustic warnings should be at least 20dB,
but no more than 30dB, above the masked threshold based on ambient noise for relatively
noisy operating conditions.

Antin, Lauretta, and Wolf (1991) recommtmd that acoustic warnings be at least
20 dB above masked :.t]reshold, but should not exceed the masked threshold by
more than 30 dB. The perceived intensi[ ~ 1I \ound depends on a number of
factors, most notabi y he location of the sc)~r~dsource with respect to the driver’s
ear. Therefore, opt]mum default intensit~ Va Iues may differ depending on the
location of the soum: source and an v oh (tr i :tlons that block the path of the
sound,

2.4.5.5 Onset and Offset Rittes.
The onset rate for sounds or tones used in crash avoidance warnings should be rapid
enough to alert the driver, hut not so rapid as to induce severe startle effects. Onset rates
of greater than 1 dB/msec but less than 10 dlh msec are recommended. The offset rate
should be equal to the onset rate.

According to Woodsw and Conover [19(M 1. wunds with onset rates less than 1
dB/msec are ~rcel~t’~1 as continuously r slnj, .md produce little or no startle
effects. Sound with (reset rates of O d~+ m .e( appear Instantaneous and will
produce moderate sta 1 Ie responses

2.4.5.6 Warning Duration
A single sound or tone used as a crash avoidance warning signal should be between 200 and
500 msec in duration. If complex tones, as opposed to pure tones, are used, durations near
the bottom of this range (t’ X., 200-300 m..ec) ar-e -wcommended.

Tones less than 200:11500 msec in dura~ml a-e not perceived as very loud, and
are easily missed in a mis y environment (Sanders and McCormick, 1993). There
is, in addition. a traae-off between intens] t) and duration. The shorter the
duration of the torw the greater its [nterls]ty needs to be (Sanders and
McCormick, 1987) 1 is important from ~ reaction time perspective to keep the
off-time of the repetl tlon cycle sham sil ‘c hc driver is not receiving useful
information dun ng t‘-t Off period.

2.4.5.7 Warning Repetition.
If a single sound or tone is used as a crash avoidance warning signal, it should be repeated
for as long as the crash avoidance warning condition exists, or until the system or device
recognizes some corrective action on the pati of the driver. The criterion that applies
depends on the type of device. as noted in the specific guidelines sections.

2.4.5.8 Use of Auditory Patterns as Acoustic Crash Avoidance Warnings.
Continuously repeating auditory patterns, as opposed to repeating single tones or sounds,
may be used for acoustic i‘rash avoidance warning displays. provided they are of short



duration or cycle time. Such patterns should tw easily learned and perceived and be
absolutely identifiable by tht’ driver.

Limited research exl sts concerning the isc >f complex auditory patterns, as
opposed to individwd sounds or tones, t<! LLjlvey warning information. Their
potential is only now being investigated (May, 1993), and use of complex
auditory patterns in tht. future should not w Tuled out.

2.4.5.9 Conveying Tree- or D-kXance-to-CoUision Information.
Acoustic displays may convey time- or distance-to-collision information (i.e., graded
warnings), if such information is provided for a particular crash avoidance warning device.
The foUowing meam~ of conveying thk infmmlat ion thrnugh acoustic displays are
recommended:

a. Warning repetition rate increases m time- or distance-to-collision decreases;
repetition mt.r decreases as time- or di.stance-to-collkion increases.

b. Fundamental frequency of warning tones increases as time- or distance-to-
collision decrwses; fundamental frequency of warning tones decreases as
time- or dista rice-to-collision increases.

c. Intensity of warnings increases a~ t Ime- or distance-to-collision decreases;
intensity of warnings decreases as tirne- or distance-to-collision increases.

These manipulations 1i acoustic warnings ,irt based on the work of Edworthy.
Loxely, and Dennis ( 1991). As time- m dista[l( e-to-collision decreases, warnings
can be made to so~i Id more urgent th ro[lgh the suggested manipulations.
Likewise, as the COIIIslon threat decrease “1It’ warnings are perceived as less
urgent.

2.4.6 CHARACTERISTICS OF SPEECH DISPLAYS.
Speech warning displays should be highly intelligible, but readily distinguishable from the
normal human voice. Speech displays may be usrd to present imminent and cautionary
crash avoidance warnings. They should serve an alerting function and may also provide
directional information. Speech displays are not recommended for providing time- or
&stance-t*collision infornuu ion.

Drivers may find lt di “ticult to discriminate d]giozed speech from both passenger
and radio speech present in the vehicle. Therefore, the voice employed for
speech warnings, whether synthesized or d tgi t;zed, should be readily discernible
from the human voic;

Generally, more time s required to deliver- i speech message than to alert the
driver through othel modes. For th]s rcaon, speech displays are not
recommended for presenting specific Information of a dynamic nature. Acoustic
displays, which can ~. cle quickly, are c.:tnahIe of providing such information

( -(



more succinctly than speech displays.

2.4.6.1 Message Length.
Speech warnings should be as brief and concise as possible (e.g., one to three words).

There is limited time available for the presentation of speech messages in crash
avoidance situations. Therefore, messages rnust be short, generally between one
and three words. [{~)wever, in application\ where time availability is not a
critical factor, longer messages are preferrrd, because they allow
accommodate to the synthetic speech, thereby increasing its
Although this “ramp-llp” time is short, it 1s,n(lrmally desmable in
in which time press,] re is minimal (ROW m. 1985; Thornas,
Chodorow, 1985)

2.4.6.2 Vocabulary.

the listener to
intelligibility.
other contexts
Rosson, and

The vocabulary used for speech messages should be limited in size, and should consist of
words which can be easily discriminated from one another. If sufficient time is available,
polysyllabic words are recommended over mo[~{mvliabic words.

Since messages must x: brief, and the drile] I+111have little time or opportunity
to adapt to synthetic speech, the vocabulary must be limited. Because short
messages will be presented in isolation, th~:dn ver will not be able to identify the
words based on conte> 1cues. The vocabulary therefore. should consist of words
that are easily discrl ninated by the drwt?r Hart and Simpson (1976) have
demonstrated that p~lysyllabic words m more easily recognized than
monosyllabic w(wd\ ~1 some context: and ,*II r(mments

2.4.6.3 Message Content.
The content of speech messages should be limited to that which alerts the driver to the
crash avoidance situation and directs the driver’s attention to its location. Imminent and
cautionary speech message< should be differentiated by their message content. Stronger
language should be used for imminent than for taut ionary warning messages.

Auditory displays, generally speaking., hati e good alerting capabilities. Given the
limited time availabiti io convey crash avoidance messages via the speech mode,
the alerting function mould be expklited lk:c~iu.se direction can be conveyed
easily with minimal \ [abulary or through 1he iocation from which the speech
appears to emanate. directional informatlm~ may also be conveyed. More
co-mplex forms of 1nfflrmation (e.g.,
incorporated into spei t h messages.

There are few recornc Iended ways in

ilme )r {~Is~c~-t~-~ol] iSlon) should not be

which speech displays can be coded to differentiate
imminent and cauhonary conditions. The m(lst obvious way is through differences in
content (i. e., “Danger” for imminent wamlngs: “Caution” for cautionary warnings).
Other means of indicating urgency have been ~xplored, including speech r-ate and voice
pitch (Simpson .aml ~tuchionda-Fros[. 1~~~ I hut testing of candidate frequencies and



rates would be neek 1 before such techniu ues could be recommended for use in crash
avoidance warnings

2.4.6.4 Message Presentation.
The speech delivery system used to convey crash avoidance warnings should be one which
demonstrates a high level of intelligibility in tests using isolated words. Candidate systems
should demonstrate high intelligibility of the specific vocabulary to be used in the warnings.

Due to the small vocabulary and limited message length, intelligibility measures
based on conversational speech intelligibility will be less relevant in choosing a
system than measures based on the intelligibil itv of isolated words (Moore, 1985).
In addition. synthetic speech systems. wh]ch are largely rule-based, differ from
one another w~th respect to the pronunc~ation and intelligibility of individual
words. Although mny systems exist whi :tl have merited high scores on
intelligibility tests, .~ confirmation (]f tht: !,pecific vocabulary to be used is,
nevertheless. recommended. Studies (Nix on, Anderson and Moore, 1986) also
indicate that higher quality synthetic ~pee:tl systems are generally more
intelligible in noisv I:!I vironments.

2.4.6.5 Message Repetition.
A given speech warning should be presented no more than three times for a given crash
avoidance warning situation. regardless of the duration of the situation. Repetitions should
occur in immediate succession. If the duration of the crash avoidance condition is less than
the time required to deliver the three presentations of the speech message, the speech
message should be terminated when the crash avoidance situation terminates.

Voice messages shoui c not be repeated nu [neu NJ>times because of their tendency
to irritate the dnve~ and upset passeng~r’, Voice messages will be more
disturbing, particular! ) to passengers. than any other type of waming, if repeated
frequently in success~(m. In addition, the potentiaJ for embarrassing the driver
and creating a pam( situation is greater jr r speech displays than for other

displays. The three-presentation limit is based on the Traffic Collision Avoidance
System (TCAS ) used m aviation, whit 11 ,*LSL;provides two and, for some

messages, three presentations of collisior awidance warnings and instructions
(Federal Aviation Au ministration, 1Q90)

2.4.6.6 Use of Multipie Languages for Speech Warnings.
Speech technology used for crash avoidance warning devices and systems may incorporate
multiple language options. (hash avoidance warning vocabularies and messages should be
developed and tested separately for each Iangmigt to be represented within the system or
device.

Crash avoidance warning device or s>sten~ developers cannot assume that
messages developed ~(lr use by the English- spaking population can be translated
directly into other languages. Nor can thq assume that words that are highly
discriminable in EaP Iish will be high I :jiscriminable in other languages.



Vocabularies and speech messages must be developed and tested separately for
each language to be employed in a crash ~voldzmce warning application.

2.4.6.7 Voice Characterist[es.
The voice characteristics of speech displays should be such that the synthetic messages can
be easily differentiated from other speech in the vehicle (e.g., passengers talking, or speech
on the radio). The voice characteristics shouid yield a clearly mechanical, authoritative,
voice, but not an unpleasant (e.g., tinny) one.

Speech messages must be differentiable f~[)m other speech in the vehicle. In an
aircraft situation. for example, in which most of the flight crew is male, female
synthetic speech messages are often emplt~yed This reasoning, however, is not
as applicable in the dn ving environment. The most obvious way to differentiate
synthetic speech is to make it sound clearl v noTl-human. A number of researchers
(W-own, Bertone, am Obermeyer, 1986) [idvf~ate doing this Gardner-Bonn~u
(1989) found, in a trlephone application ‘oT American Express, that the more

rigid and mechanical t, voice sounded, tht mI )re commanding it appeared to be

and the more comph.ii]t listeners were w [h r:xpect to instructions presented in
synthetic speech. II s also true, ll~)we?, tr hat listeners may reject synthetic

speech if it sounds kx robotic and stilted Htmce. care lmus[ be taken to ensure
that the voice characteristics achieve ,.iper .em Ion ot’ authoritativeness, without a
cold, robotic tone ICI[Ile message.

2.4.6.8 Speech Warning Presentation Rate.
A speech warning rate of 156 words per minute k recommended. although slightly higher
rates (up to 200 words per minute) may he used [~.g.. 2 to 3 words per second).

Simpson and March] tmda-Frost (1984) folina ~n optimal speech rate of 156 words
per minute, althougt the pilots in their .tud, had no difficulty understanding
synthetic speech ai ‘”’8 words per minul(, [w highest rate used in the study.
Conversational spew 1 can be comprehended zf more than twice that presentation
rate, with minimal adaptation time (Cioldhdbtr ,md Weaver, 1968). However. the
results of one receni :tudy (Tun, Wingfici~, Stine, and Arthur, 1992), which
employed synthehc s]mech rates from 140 ‘t> ~+~)words per mmute, indicated that
older adults’ ]mmed 1iie memory pert’orm~ nt t was depressed when speech rates
were very t%s[ Thc:tfore, a rate of 15( *I )r(ls per minute is recommended.

Rates slightly hlghe” ~nan this are accept;! ~,

2.4.6.9 Speech Warning Intensity.
The speech warning shouki be loud enough io Iw clearly intelligible in all anticipated
operating environment<

The appropriate interslty level for speech war rungs depends on the noise level in
the ambient environ ~lent, the distance (I~ the speech source from the driver,
characteristics of tht j-h signal. the aesign of the speech system, and other
factors. [t is quite ooss]ble that data {mi rtzommendations concerning the



perception of natural speech innoise(Kryter, 1972; Peterson and Gross, 1978)
would apply to synthetic speech as we] 1. b lt no existing studies make this

comparison.

2.4.6.10 Use of an Alerting Tone Preceding Speech Messages.
An alerting tone should not be used preceding voice messages unless its benefits in the crash
avoidance context can be demomtrated.

A number of studies (Bertone, 1982 ~ ;ird standards (MIL-STD- 1472D)
recommend the use >f an alerting tone pre~eding speech warning messages,
because the tone can speed response to tht: speech message to some extent.
However, such tones may not be appropriate in the crash avoidance context
because of the limited time available to presen t crash avoidance information. The
presentation of an alerting tone and a pause rm[)r to the presentation of the speech
warning would add approximately orw -ha]f second to the presentation.
Furthermore, the facilitation of the aiertlng tone may be minimal, given that
messages are brief, repeated, and easily d istl IIguished from other speech in the
vehicle. Simpson and Williams (1980), w-halt: ( 1980), and Thomas, Rosson,
and Chodorow (1984) indicate that an a-ierti[g tone is not needed if synthetic
speech is used only f[u warnings in the opt:mtoTMI environment. Even if this 1s
not the case, these aulhors indicate only th:i [ Al1alerting tone rnighr be necessary.
TCAS, for example. does not employ an ,1.,erl]ng tone prior to speech messages
(Federal Aviation Administration, 1990). ‘“fitbenefits of an alerting tone in this
application remain untested and unverifie~: (“learly the ability of a parhcular

voice message to ml t[ate the proper reslxm ;e inl the time available must be
verified for each dtw ( e.

(’ 1(1



APPENDIX D: MAE SESSION DEMOGRAPHICS FORM





l-- NAME/ADDRESS I———..-—. .. —— ..—. .- .— —...—- .—

Participant ID Number

Pat%cipantName: ___ .,, —.

Address; --. .— —.

.-. . —.

---- —-

Home Phone: ,—-. —.

Work/Daytime Phone ._,.. —.

.

—- —-— —.-—.

-....——-——-——- ———

‘ )-l



I PARTICIPANT PRESCREENING/DEMOGRAPHICS I

Criteria:

Has Valid Driver%License

Age (between 20-40 65+)

(yes/no) Do you have any hearing problems?

PLEASE EXPLAIN

—.— . - .—- . “—

Estimated number of hoursof drivingper week
(no reefs mfonnationonly)

Estimated number of miles driven per week
(no reqs reformation only)

Demographic Information

Gender

—- Male _- - _ Female

Number of years of ~riving experience

Type of Car

Make —--- — .-. .——

Model -..— .—. .- -——

Year —..

Type of transmission:

Automatic _.. _ Manual

Primary driving purpose

—.

—.

—-

Commuting to and fmm wo*

As part of your job

To run household errands and chores (e.g. growy shopping, chauffeuring children)

Pleasure or leisure

Other .—.—-. “ .—.. - ——

Session ID

D- !



APPENDIXE: CONSENT FORM





CONSENT FORM
IN-VEHICLE WARNINGS

Purr)ose o f the Resea rch: Under contract with the National Highway Traffic Safety

Administration (NHTSA), COMSIS is investigating the effectiveness of various
warning sounds through studies such as this one. The purpose of this research is
to collect information about drivers’ perceptions of various sounds--we are

interested in how you rate the sounds on variolls attributes.

These sounds may soon be used for warning systems in future intelligent vehicles,
such as a system that would alert you when objects which you may not be aware
of are in your “blind spot” or of a nearby car that is encroaching on your lane and
into your path. An auditory tone or light may alert you to these hazards so that

you can better avoid them The problem witn many warning signals today is that

they do not convey information in an appropriate manner. Your feedback will help
to determine guidelines for the development of in-vehicle crash avoidance warning
alarm sounds.

Research Proce dure~ : In this session, you will be asked to listen to various sounds

and rate these sounds on ~O different attributes. For each attribute, you will be

asked to rate the sounds .]n a scale of I to “~on how much each sound reflects or
does not reflect the attrib.~te You will work n a grc]up setting, but the answers

must be your own

Foreseeab [e Risks: There are no unusual risks associated with participating in this

study, other than those normally associated wi~h being in an office. All sounds
and noises that you hear are below the Occupational Safety and Health
Administration (OSHA) sound level regulatiwm( e loudness levels) for noise in order
to protect your hearing

Benefits of the Research The findings of this study will be used to develop

guidelines for the development of in-vehicle vvarnmg systems. As a result of this
research, sound types that are inappropriate will be eliminated from consideration,
and all remaining sounds will be compared to determine the most useful ones. The
types of sounds found to be appropriate will then be further researched. The
determination of an optimal warning could result m a driving environment that is
more safe, comfortable, arid usable by Ihe f(Jll Iange of the driving public

You will be paid $20 for your participation irl the session. If the investigator must
terminate the session earlier than planned, Voll WIII still be paid the full amount.

confide ntialit y: We will ask to look at your driver’s license to confirm your age

and your driving status, and ask how long YOL have been driving, how often you
drive, and about your hearing. Additional ir’ormation about the type of vehicle you

drive will also be collected This informatic) \ confidential, and no published

.,



reports of the research will identify any participant. Likewise, all information
collected during the study is confidential and will not be presented in any form
identifies individuals.

GO tactn Person: If you have any questions about the research or the rights of

that

research participants, you may contact Dr. Ron Lyons, Project Director, Human
Systems Design, COMSIS Corporation, 8737 Colesviile Road, Silver Spring, MD
2091 O; [telephone (301) 588-08001.

Voluntarv Withdrawal from the Experiment: Yc~ur cooperation in this study is

entirely voluntary. You may withdraw participation at any time. [f you withdraw
from the study, you will be paid on a prorated basis for the time you did

participate.

AUTHORIZATION: I have read the above and recognize the risks of this study. I
agree to participate as a subject in the researct 1 also understand that
participation is voluntary and I may withdraw ftom the study at any time.

Signature of Participant Date:..— —.. —.. -—

(printed name): ._ _ _.

Signature of Investigator Date:—— .—.-.— .—.

FOR OUR RECORDS

Address: ——... .. . . . .--- —-

—— .— ..- — .—

DOB: —-. .

If you are interested in being contacted occasionally for further research please
leave your phone number below:

( )—— -.——- ——

E-J
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INSTRUCTIONS FORM
IN-VEHICLE WARNINGS STUDY

Greet subjects. Hello, my name is How is everyone today?—. .—. . —.——

Today, we are asking you rO make judgmen Ts of various sounds based on 10

different attributes.

Under contract with the National Highway Traffic Safety Administration (NHTSA),
COMSIS is investigating tne effectiveness of various warning sounds through
studies such as this one. The purpose of this research is to collect information
about drivers’ perceptions of various sounds --we are interested in how you rate the
sounds on various attrib~’$’s, You will be rallrl] each sound you hear OF 10
different attributes.

These sounds may soon c,t: used for warning systems in future intelligent vehicles,
such as a system that would alert you when objects which you may not be aware
of are in your “blind spot” or of a nearby car that is encroaching on your lane and
into the path of your car An warning sound o Ilght may alert you to these
hazards so that you can qetter avoid them. The problem with many warning
signals today is that they (10 not convey in forrration in an appropriate manner
Your feedback will help tc determine guidelines for the development of in-vehicle
crash avoidance warning jlarm sounds.

To give you a feel for the types of vehicle systems these sounds will be used for
I’m going to show you a live minute video l~roauced by NHTSA that overviews
these future systems

[SHOW ‘VIDEO]

[ASK IF THERE ARE ANY QUESTIONS]

[HAND OUT AND EXPLAIKJ CONSENT FORMS I

For each sound attribute on which you will judge each sound, you will be

presented with the definition of the attribute orI the overhead projector and
provided with an explanation of the the attrlbUle You will then listen to a string of
sounds that you will rate )n that attribute.

[SHOW pRACTICE SESSION AlTRIBUTE: MUSICALITY]

For example, for each attribute definition shown on the overhead, the name of the

attribute will appear at the top, followed by the definition of the attribute (next to
the diamond). For some :jttribute definitionti, a second definition is provided to

f



help clarify the attribute definition. Below the definition area is the Question you
are asked to answer (next to the “Q”). YOU should ask yourself this question for
each sound you hear for that attribute, and yOIJ should refer to the definition if
necessary to help you answer the question The scale you will use to rate the

sound appears below. It M a scale from 1 TO 7 For example, for the attribute

Musicality a 1 indicates that the sound is not Very musical and a 7 indicates that
the sound is very musical The scale is the same one that appears on your
response box. You will indicate your rating nv oressing the appropriate button on

your box after you hear each sound.

Are there any questions S(I far?

Once again, you will be presented with the definition of the current attribute to be
rated on the overhead, avd I will explain wnat the attribute means.

If you have any questions about the de finit!or please feel free to ask questions at
this time.

Otherwise, we ask that you do not ask questions or talk to others during the
experiment. Following the definition, a series of sounds will be presented. Please
rate each sound based or the defined attribute and input your rating by pressing
the appropriate button or the response bo~

Please be sure to rate the sound after [t has been presented. If you enter a

response before the sounc is completed, your response will not be registered by
the computer, so it IS very important that yI.Iu wait until the sound has finished
playing before you resporld. You will have approximately 5 seconds to make your
response. If, during this !~me, you change YOL.r mind, simply press the button that

corresponds to the rating “hat you would like TO give. The computer will register
the last response you ma~e, so it is very IITLI(I Tant that The last response you make
is your True opinion of tt,{ sound.

If the experimenter notice:> that any of yob has not entered a response within 5
seconds, she/he will ask 40U to respond agai[ you will be referred to as
participants 1-8 Your D(i has your particlnaf”t number

Please be ready to listen and respond to the next sound after you input your
response for the last sound. We will not be able to repeat the sound once they are
played for the current att~bute. If you miss a sound, please make your best shot
at the rating.

You will rate about 25 scljnds for each attrlb(]re Please keep in mind that there
are no wrong answers

[Are there any questions



OK, again, during the rating of the sounds, we ask that you do not talk with one
another or look at other peoples responses. We are interested in individual
opinions and not a consensus. Unless you are experiencing problems with your
input device, please hold your questions to the attribute definition portion of the

experiment. The total experiment should last approximately 2 hours.

[ARE THERE ANY QUESTIONS].

Ok, then we’ll run a practice session to geT you familiar with the procedure, the
input box and the types clt sounds you will hear {n the experiment.

Before we begin the practice session, we WIII ask you to test the seven buttons on

your response box. This will be done one participant at a time. When the

experimenter cues you, please press each outton on your box one at a time. If you
are unsure if you hit the ~utton correctly 11.JSY[Jress it again.

mEST INPUT DEVICESI

Ok, now that everyone’s input box has been tested, we’ll go through a practice
session to be sure vou understand the task

[START WITH MUSICAL!TY]

Are there any questions

<IF YES, ANSWER AND CLARIFY THEIR QUESTIONS>

<IF NO> OkaV, then let’s begin the practice session..

We will run through fou attributes like this one and then take a short break so you
can rest your ears and stretch your legs. After the break, we will run through
another 3 attributes, take another break ~and ‘hen test the final 3 attributes.

ARE THERE ANY QUES”r60NS?

OK, once again if you have any questions during the experiment, please ask them
during the attribute definition portion of the experiment or during the breaks. Also,
please wait until the so Jnd has finished playing before inputing your response.





APPENDIX G: ATTRIBUTE SLIDES





.ATTRIB[ “[E TO LISTEN FOR:

.ANNOY.4NCE

+The sound is annoy ing,,

- .

IQ : HOW annoying is this warning?

I
——- —. —

NOT
——-

/ ERY ~.- ---- —~ VERY

1 234! 67:
— — -.

ATTRIBUTE TO LISTEN FOR:

APPROPRIATENESS.—-—..—— —. . . —.———.———-.-

+The sound is compatible with the vehicle
environment (e.g cars, trucks, etc.).

wi.e The sound Would not appear out of place if used as a
warning in a car or truck.

Q:How appropriate would this sound be for a
vehicle environment warning?

&“R~y--- -- -—~ VERY

? 234567



ATTRIB[ ‘~’E TO LISTEN FOR:

DISCRIMINABILHT

+The sound is uniquely identifiable and
distinct from other sounds in the driving
environment.

-—=.

Q: How discriminable is this sound?

1 234567—. _..

ATTRIBUTE TO LISTEN FOR:

EMERGENCY RELATIONSHIP— ...—.- —.— ——————.—

+The sound follows relationships users have
learned to associate with an emergency.

= i.e The sounds or words are usually associatedwith an
emergency situation.

Q:How compatible is this sound with your
experience of what an emergency warning
should sound like? ————..

‘- NOT
@R.f ~ ‘. ,-. .-—- vERy ]

1234567—.— . . —.——. .....

‘ J- .:



kTTRIBl”~E T() LISTEN FOR,

LOUDNESS._—-.———

+The sound has high volume and intensity.

.— —

Q: How loud is this sound?

“NE.RTY~ -—. --- ——~ VERY

1 234;6~ —

ATTRHN’TE TO LISTEN FOR:

MEANING.._____ —

+The sound would be a good selection to
clearly convey or suggest an immediate crash
situation.

Q: How well does this sound convey or
suggest an immediate crash situation.

. . -— .. —- —.——-.______
;~OR;~ - ‘ --—+ VERY ,

1 2’34567j

(,. <



,ATTRIB(J [E TO LISTEN FOR:

MUSI(:ALITY— ———.

+The warning is melodious andlor harmonious.
r~~ ‘Fe warning has rnuslca at,~lltles

Q: HowI musical is the warning sound?

—. —.
NOT
JEW ~

—. . -–~ VERY i

1 234:67___ .— — . _— -

.4TTRIBL TE TO LISTEN FOR:

NATIJRAL RESPONSE--.—.——.. — —-. -—.———.

+The sound naturally causes the driver to
anticipate and prepare for an emergency.

~ i.e Without prior learning, this sound implies an
impending emergency situation

Qs How well does this sound signify an
impending emergency situation?

.— ——-

I “NEORTy~ ‘- ‘. ‘—.~ VERY ~

1 234567,—.—

(i.



A“rTRIB( “1E T() LISTEN k’OR:

NOTICEABILIT}

+The sound is readily noticeable among other
sounds and noises in a vehicle.

z I ~ f ou can easily hear th!s SC)Lnd within the vehicle
I .’)O1:.F

IQs How noticeable is this sound?

I
_ .— —

NOT
vERy -— -- ‘- ‘~ VERY

1 234567..——. —

.ATTRI BUTE TO LISTEN FOR :

STARTLE EFFECTS—...—--- —.— .—.—..—-...———

+The sound produces startle.
= i e You have a tendency to blink, jump, or exhibit rapid

movements in response to the sound.

Q:How startling is the sound?

.— — ——-. .—.—
vNEORTY~—-

_-._..___l

– - —~ VERY

1 234567— ——.



.%TTRIBt TE TO LISTEN FOR:

CTR(WNCY

+The sound conveys a sense of importance,
motivating you to make an immediate
response.

Q:How urgent does this sound appear?

—.
NOT
VERY ~-- -- —~ VERY

1 234567 — -. — . ——— ... . .

(,-,



APPENDIX H: MAE MATRIX CALCULATION TRUCK BACKGROUND NOISE





MAE Matrix Calculation - Truck Background Noise

1

2
3
4
5
6
7
8
9
10

11

12
13
14
15
16
17
18
19
20

21

22

23

24
25

26

27

DISC EMER LOUD MEAN MUSI NRES NOTI STAR URG.................... ..................... ..................... ..................... .................... ..................... ..................... ..................... ..................... ..................... ...............-
9.23 7.63 0 9 2.26 8.63 9.43 -7.6 8.8

“ALTERNATIVE “ ,’”“ “ ““ :“

6,22 5.50 6.41 6.63 6,41 6.53 3.38 6.53 6.75 6.47 6.66

4.88 4.94 4.84 5.28 5,59 4,94 3.72 5,44 5.47 5.44 5.31

[ 4.56 I 4.69 i 4.88 ] 4.78 I 5.03 I 4.56 I 3.91 I 4,66 I 5,41 I 4.84 I 4.38
4.56 4.97 5.69 4,94 5.75 4.78 5.13 5.19 6.06 5.59 5.03

5.56 5.66 6.09 6,06 6,06 5.50 4.81 5.88 6.53 5.69 5.84

5.16 3.91 4,91 4.16 5.22 4.59 2.97 4,53 5.34 4.81 4.75

4,69 4.66 4.84 5.00 5.56 4.41 3.16 4.84 5.78 4.94 5.25

4.41 5.38 5.44 5.47 5.22 5.16 4.56 5.16 5.78 5.09 5.28

4.81 5.03 5.50 4.97 5.13 4.78 4.25 4.75 5.44 5,03 4.69

5.19 5.28 6.31 5,88 5,44 5.69 4.56 5.56 5.88 5,78 5.66

4.84 4.41 5.56 4,50 5,13 4.19 4.84 4,41 5,63 4.66 4.66

4,47 4.72 5,25 4.22 5.53 4,59 4,91 4,66 5.97 5.16 4.78

5,13 4,84 4.81 5.31 6.09 5,09 3.47 5.47 6.00 5.44 5.69

3.09 4.69 4.66 4,44 4,25 4.28 2.78 4.66 4.44 4.03 4.38

1 ---- 1 . . . . I . . . .
1

..-.
1

3.09 A 59 444 441 I 471 4.19 2.81 4,75 4.59 3.78 4.25

3,06 4.22 4.44 4.03 3.94 4.16 2.78 4,19 4,16 3.81 3.94

2.72 4.28 4.16 4.19 3.69 3.59 2.72 4,03 4.13 3.13 3,97

2.31 3.31 3.41 3.28 2.47 2.88 2.50 2,84 3.13 2.44 2,88

2.00 3.03 2.94 2.91 2.16 2.34 2.31 2.81 2.44 2.06 2.72

2.75 4.09 4.22 3.78 3.75 3.56 2,59 4.03 4,09 3.41 3.50

2,72 4,03 4,09 3.63 3,53 3,47 2.75 3.59 3.97 2.78 3.38

2,19 3.34 3.28 3,34 3.06 2,91 2.44 3.16 3.19 2.59 3.25

2.19 3,47 3.47 3.41 2.75 3.16 2.53 3.34 3.47 2.75 3.16

2.56 3.22 3.13 3.13 2.56 2.47 2.66 3.00 3.19 2.41 2.69

3.06 3.63 4.00 3.66 3.22 3.00 2.25 3.56 3.81 3.03 3.34

4,56 3.38 4.09 3.97 4.50 4,50 2,19 4,59 4,88 5,03 4.94

6.47 5.91 6,78 6.72 6.88 6.66 3.75 6,84 6.91 6.94 6.75

28 I 3.63 5.11 I 4,75 I 4.59 3.91 3.81 I 5.03 I 4.31 4.00 3.25 I 4.09

WEIGHTED

SCORE
309.47

248,41

230,81

256.67
291.08
219.35

240.51

266.58

244.04

281.06

234.74
239,61

256.16

224,56

224.08

206,91

206.02

157.43

139.53
195.17

190,82

163.01

170.65

149.25
177.12

203.50

318.26

223,90





APPENDIX 1: MAE RATINGS - BAR GRAPHS FOR EACH ATTRIBUTE
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APPENDIX J: SCA?TER PLOTS FOR ACOUSTIC WARNINGS IN TRUCK
BACKGROUND NOISE CONDITION





Total Weighted x Loudness, Truck Background, Acoustic Stimuli

150 -

100 [ I I I

27
1 +

+ /
10 +3

8*
●

9 +13
. 4

+
*

1*
,27

1.00 2.00 3.00 4.00 5.00 6.00 7.00

LoudnessRsting



7.00

6.00

5.00

4.00

3.00

2.00

1.00

1

Noticeability x Loudness, Truck Background, Acoustic Stimuli

●

27
,Olzti

3 ● 13
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I 1 0

/

28
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LoudnaaaRating
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APPENDIX K: SCAITER PLOTS FOR VOICE WARNINGS IN TRUCK BACKGROUND
NOISE CONDITION
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